
NOVEL USES OF PORPHYRIN COMPOUNDS Field The present
invention relates to new uses of porphyrin compounds
and, in particular, the use of such compounds in the
curative or prophylactic treatment of microbial
colonisation and infection. Background The resistance
to antibiotics developed by an increasing number of
microorganisms is recognised to be a worldwide health
problem (Tunger et al, 2000, Int. J . Microb. Agents
15:13 1-135; Jorgensen et al, 2000, Clin. Infect. Dis.
30:799-808). As a consequence, the development of new
approaches for killing microorganisms is urgently
required. The treatment of microbial infections by
photodynamic therapy (PDT) represents a valuable
recent method for eradicating bacteria since it
involves a mechanism which is markedly different from
that typical of most antibiotics. Thus, PDT is based
on the use of a photosensitising molecule that, once
activated by light, generates oxygen reactive species
that are toxic for a large variety of prokaryotic and
eukaryotic cells including bacteria, mycoplasmas and
yeasts (Malik et al., 1990, J. Photochem. Photobiol. B
Biol. 5:281-293; Bertoloni et al., 1992, Microbios
71:33-46). Importantly, the photosensitising activity
of many photodynamic agents against bacteria is not
impaired by the resistance toantibiotics but. instead,
depends mainly on their chemical structure (Malik et
al, 1992, J. Photochem. Photobiol. B Biol.
14:262-266). Various types of neutral and anionic
photosensitising agents exhibit a pronounced
phototoxic activity against Gram positive bacteria.
However, such photosensitising agents exert no
appreciable cytotoxic activity against Gram negative
bacteria unless the permeability of the outer membrane
is altered by treatment with ethylene diamine
tetra-acetic acid (EDTA) or polycations (Bertoloni et
ah, 1990, FEMS Microbiol. Lett. 71: 149-156; Nitzan et
al, 1992, Photochem. Photobiol. 55:89-97). It is
believed that the cellular envelope of Gram negative
bacteria, which is more complex and thicker than that
of Gram positive bacteria, prevents an efficient
binding of the photosensitising agent or intercepts
and deactivates the cytotoxic reactive species
photogenerated by the photosensitising agent
(Ehrenberg et al., 1985, Photochem. Photobiol.
41:429-435; Valduga et al., 1993, J. Photochem.
Photobiol. B. Biol. 21:81-86). In contrast, positively
charged (cationic) photosensitising agents, including
porphyrins and phthalocyanines, promote efficient
inactivation of Gram negative bacteria without the
need for modifying the natural structure of the
cellular envelope (Merchat et al., 1996, J. Photochem.
Photobiol. B. Biol. 32:153-157; Minnock et al., 1996,
J. Photochem. Photobiol. B. Biol. 32:159-164). It
appears that the positive charge favours the binding
of the photosensitising agent at critical cellular
sites that, once damaged by exposure to light, cause
the loss of cell viability (Merchat et al, 1996, J.
Photochem. Photobiol. B. Biol. 35:149-157). Thus, it
has been reported that Escherichia coli is efficiently
inactivated by visible light after incubation with the
cationic 5,10,15,20-tetrakis-(4-
N-methylpyridyl)-porphine (T4MPyP) (Valduga et al.,
1999, Biochem.Biophys. Res. Commun. 256:84-88). The
phototoxic activity of this porphyrin is mainly
mediated by the impairment of the enzymic and
transport functions of both the outer and cj^toplasmic
membranes, rather than by binding to DNA. However, the
util of known porphyrin-based antimicrobial agents is
limited due to their toxicity against mammalian host
tissue cells, i.e. the compounds are unable to
differentiate between target microbial cells and host
cells. In addition, the utility of known
porphyrin-based antimicrobial agents is further
limited by their relatively low potency for target
microbial cells. Furthermore, not all microbial
infections are suitable for treatment using
photodynamic therapy, e.g. the site of infection may
not be accessible to light. Hence, there is a need for
new methods of killing and attenuating the growth of
microbial agents.Summary According to a first aspect
of the invention, there is provided use of a compound
of formula I in the preparation of a medicament for
killing or attenuating the growth of microorganisms by
a method which does not comprise exposing the compound
to a photod}'namic therapy light source or a
sonodynamic therapy ultrasound source / wherein: Xi,
X2, X3 and X4 independently represent (i.e. are the
same or different) a hydrogen atom, a lipophilic
moiety, a phenyl group, a lower alkyl, alkaryl or
aralkyl group, or a cationic group of the following
formula; - L - R1 - N+(R2)(R3)R4 "wherein: L is a
linking moiety or is absent; Ri represents lower
alkylene, lower alkenylene or lower alkynylene, which
is optionally substituted by one or moresubstituents
selected from lower alkyl, lower alk} lene (optionally
interrupted with oxygen), fluoro. OR5, C(O)R6,
C(O)OR7, C(O)NR8R9, NRi 0Rii and N+Ri2Ri3Ri4: and R2,
R3 and R4 independently represent (i.e. are the same
or different) H, aryl, lower alkyl, lower alkenyl or
lower alkynyl, the latter three of which are
optionally substituted by one or more substituents
selected from lower alkyl, lower alkylene (optionally
interrupted with oxygen), aryl, OR5 C(O)R6, C(O)OR7,
C(O)NR8R9, NR10Rn and N4R12R13R 4 Z is -CH or N; Yi,
Y2, Y3 and Y4 are absent or independently represent
aryl, lower alkyl, lower alkenyl or lower alkynyl, the
latter three of which are optionally substituted by
one or more substituents selected from lower alkyl,
lower alkylene (optionally interrupted with oxygen),
aryl, OR5, C(O)R6 5 C(O)OR7, C(O)NR 8R9, NRi 0Rn,
N+Ri2R13Ri4, or, taken in conjunction with the pyrrole
ring to which they attach, may form a cyclic group;
and R5, R6, R7 R8, R9, Rio, Rn, R12 , R13 and R14
independently represent H or lower alkyl provided that
at least one of Xi, X2, X3 and X4 is a cationic group
as defined above and at least one of X1, X2, X3 and X4
is a hydrogen atom, a phenyl group, a lipophilic
moiety, or a lower alkyl, alkaryl or aralkyl group.The
term "lower alkyl" is intended to include linear or
branched, cyclic or acyclic, Cj-C 2O alkyl which may
be interrupted by oxygen (preferably n o more than
five oxygen atoms are present in each alkyl chain).
Lower alkyl groups which R1, R2 R3, R4, R5 R6, R7, R8,
R9 Rio, R n R12, R 13 and R 14 may represent include
C]-Ci 8 alkyl, C]-C] 6 alkyl, Ci-C}4 alkyl, Ci-C 12
alkyl, C1-C] 0 alkyl, C1-C9 alkyl, C1-C8 alkyl, C1-C7
alkyl, C1-C6 alkyl, C1-C5 alkyl, Cr C4 alkyl, C1-C3
alkyl and C1-C2 alkyl. Preferred lower alkyl groups
which R1, R2, R3, R4, R5, R6, R7, R8, R9, R 10, R 11,
R 12, R13 and Ri4 may represent include C1, C2, C3,
C4, C5, C6, C7, C8, C9, C10, C11, C12 , C13 , C14 ,
C15 and C16 alkyl. Thus, any one or more of N+R2R3R4
and/or N+R12R13R14 may represent cyclic amine/ammonium
groups, for example: It will be appreciated that the
cyclic amine/ammonium groups may also comprise fewer
or greater than six members, for example such groups
may comprise 4-, 5-, 7-, 8-, 9- or 10-membered rings.
The term "lower alkylene" is to be construed
accordingly. The terms "lower alkenyl" and "lower
alkynyl" are intended to include linear or branched,
cyclic or acyclic, C2-C20 alkenyl and alkynyl,
respectively, each of which may be interrupted by
oxygen (preferably no more than five oxygen atoms are
present in each alkenyl or alkynyl chain).The term
"lower alkenyl" also includes both the cis and Trans
geometric isomers. Lower alkenyl groups which R1 R2,
R3, R4, R5, R , R , R , R9- R10, Rn, R1 , Ri3 and R14
may represent include C2-C1 alkenyL C2-C17 alkenyl,
C2-Ci alkenyl, C2-Cu alkenyl, C2-Ci2 alkenyl, C2-Ci
alkenyl, C2-C8 alkenyl, C2-C7 alkenyl, C2-C6 alkenyl,
C2-C5 alkenyl, C2-C4 alkenyl, C2-C alkenyl and C3-C4
alkenyl. Preferred lower alkenyl groups which R1, R2,
R3, R4, R5, R6, R7, R8, R9, Ri0 Rn, R R13 and R14 may
represent include C2, C3, C4, C5, C6, C7 C , C9, Ci0,
Cn, Ci2, C13 and Ci4 alkenyl. The term 'lower
alkenylene" is to be construed accordingly. "Lower
alkynyl" groups which R R2, R3, R4, R5, R6, R7, R8,
R9, R10, R11 R12 , Ri3 and R14 may represent include
C2-Ci 8 alkynyl, C2-Ci6 alkynyl, C2-Cu alkynyl, C2-C12
alkynyl. C2-C10 alkynyl, C2-C9 alkynyl. C2-C8 alkynyl,
C2-C7 alkynyl, C2-C6 alkynyl, C2-C5 alkynyl, C2-C4
alkynyl, C2- C3 alkynyl and C3-C4 alkynyl. Preferred
lower alkynyl groups which R1, R2, R3, R4, R5, R6, R7,
R8, R9, R10, Rn, Ri2, Ri3 and R14 may represent
include C2, C3, C4, C5, C6, C7, C8, C9, C 0, Cn, Ci2,
Ci3 and C14 alkynyl. The term "lower alkynylene" is to
be construed accordingly. The term "aryl" includes six
to ten-membered carbocyclic aromatic groups, such as
phenyl and naphthyl, which groups are optionally
substituted by one or more substituents selected from
fluoro, cyano, nitro, lower alkyl (i.e. alkaryl), OR5,
C(O)R6, C(O)OR7, C(O)NR8R9 and NR10Rn .The term "
aralkyl includes aryl groups joined to the porphyrin
ring via a lower alkyl group. A second aspect of the
invention provides use of a compound of formula II in
the preparation of a medicament for killing or
attenuating the growth of microorganisms by a method
which does not comprise exposing the compound to a
photodynamic therapy light source or a sonodynamic
therapy ultrasound source: II wherein M is a metallic
element or a metalloid element and Xj, X2 X3, X4, Y1,
Y2, Y3, Y4 and Z are as defined above. Preferably, in
the first and second aspects of the invention the
medicament is for killing or attenuating the growth of
microorganisms by a method which does not comprise
exposing the compound to a stimulus which activates
antimicrobial activity. By "a stimulus which activates
antimicrobial activity" we mean a stimulus which
increases the ability of the compound to kill or
attenuate 



the growth of microbial agents, such as irradiation
with a photodynamic therapy light source or an
ultrasound source. In other words, the medicament
exhibits innate antimicrobial activity, i.e. the
medicament(and specifically the active compound
therein) is intrinsically active Such activity may be
determined by methods well known in the art; for
example see Example B. Hence, the medicament is for
killing or attenuating the growth of microorganisms by
a method other than photodynamic or sonodynamic
therapy. However, it will be appreciated that methods
for killing or attenuating the growth of
microorganisms wherein the medicament is exposed to
normal ambient light (i.e. sunlight or artificial
ambient light) are not excluded. Preferably, the
medicament is exposed to light/radiation of intensity
less than l OmW/cm2 for example less than 20 mW/cm2,
less than 25 mW/cm2, less than 30 mW/cm2 (i.e. less
than 300 W/m2) less than 40 mW/cm2, less than 50
mW/cm2, less than 60 mW/cm2, less than 70 mW/cm2, less
than 80 mW/cm2, less than 90 mW/cm2 or less than 100
mW/cm2. Advantageously, the medicament is exposed to
light/radiation dose of less than 100 J/cm2, for
example less than 90 J/cm2, less than 80 J/cm2, less
than 70 J/cm2, less than 60 J/cm2, less than 50 J/cm2,
less than 40 J/cm2, less than 30 J/cm2, less than 20
J/cm2 or less than 10 J/cm2. It will be further
appreciated by persons skilled in the art that the
medicament may be for use in a treatment regime that
exploits both its innate activity and its photodynamic
and/or sonodynamic activity. For example, the
medicament may first be used in the absence of an
activating stimulus, such that its innate
antimicrobial activity is exploited, and subsequently
exposed to an activating stimulus such that its
photod3'namic and/or sonodynamic activity is
exploited.The term "metallic element" is intended to
include a divalent or trivalent metallic element.
Preferably, the metallic element is diamagnetic. More
preferably, the metallic element is selected from Zn
(II), Cu (II), La (III), Lu (III), Y (III), In (III)
Cd (II), Mg (II), Al(III) Ru Ni(II), Mn(III), Fe(III)
and Pd(II). Most preferably the metallic element is
Ni(II), Mn(III), Fe(III) or Pd(II). The term
"metalloid" is intended to include an element having
physical and chemical properties, such as the ability
to conduct electricity, that are intermediate to those
of both metals and non-metals. The term "metalloid
element" includes silicon (Si) and germanium (Ge)
atoms which are optionally substituted with one or
more ligands. It will be appreciated that the terms
metallic element and metalloid element include a metal
element or a metalloid element having a positive
oxidation state, all of which may be substituted by
one or more ligands selected from fluoro, OH, OR15
wherein Ri5 is lower alkyl, lower alkenyl, lower
alkynyl, aralkyl, aryl or alkaryl as defined above
(wherein aryl and alkaryl are mono-substituted). The
compounds of formulae I and II comprise at least one
cationic group. Thus, the compounds of the invention
may carry a net positive charge, for example a charge
of +1, +2, +3, +4, +5, +6 or more. In a preferred
embodiment, the compounds carry a net charge of less
than +4, for example +1, +2 or +3. In a particularly
preferred embodiment, the compounds carry a net charge
of +2. It will be appreciated by persons skilled in
the art that compounds of formulae I and II may be
counterbalanced by counter-anions.
Exemplar}'counter-anions include but are not limited
to, halides (e.g. fluoride, chloride and bromide)
sulfates (e.g. decylsulfate). nitrates, perchlorates
., sulfonates (e.g. methane sulfonate) and
trifluoroacetate. Other suitable counter-anions will
be well known to persons skilled in the art. Thus,
pharmaceutically, and/or veterinarify, acceptable
derivatives of the compounds of formulae I and II,
such as salts and solvates, are also included within
the scope of the invention. Salts which may be
mentioned include: acid addition salts, for example,
salts formed with inorganic acids such as
hydrochloric, hydrobromic, sulfuric and phosphoric
acid, with carboxylic acids or with organo-sulfonic
acids; base addition salts; metal salts formed with
bases, for example, the sodium and potassium salts. It
will be further appreciated by skilled persons that
the compounds of formula I may exhibit tautomerism.
All tautomeric forms and mixtures thereof are included
within the scope of the invention. Compounds of
formulae I and II may also contain one or more
asymmetric carbon atoms and may therefore exhibit
optical and/or diastereoisomerism. Diastereoisomers
may be separated using conventional techniques, e.g.
chromatography or fractional crystallisation. The
various stereoisomers may be isolated by separation of
a racemic or other mixture of the compounds using
conventional, e.g. fractional crystallisation or HPLC,
techniques. Alternatively, the desired optical isomers
may be made by reaction of the appropriate optically
active starting materials under conditions which will
not cause racemisation or epimerisation, or by
derivatisation, for example with a homochiral acid
followed by separation of the diastereomeric esters by
conventional means (e.g. HPLC, chromatography over
silica). All stereoisomers are included within the
scope of the invention.In a preferred embodiment of
the first and second aspects of the invention, Z is
-CH. A characterising feature of the first and second
aspects of the invention is that at least one of
substituent groups X h X2, X3 and X4 is a quaternary
ammonium cationic group of the formula -L-R 1-
N+(R2)(R3)R4 , as defined above. Preferably, none of
Xi, X2, X3 and X4 is an anilinium or a pyridinium
cationic group. In a preferred embodiment, R1 is an
unsubstituted lower alkylene, lower alkenylene or
lower alkynylene group. Advantageously, Ri is a
straight-chain lower alkylene group of formula: -
(CH2)m- . Preferably, 'm' is an integer between 1 and
20. More preferably, m' is an integer between 1 and
10, for example between 1 and 6, between 1 and 5
between 1 and 4 or between 1 and 3 . Preferred
straight-chain lower alkylene groups which Ri may
represent include groups of the above formula wherein
m is 2, 3, 4, , 6, 7, 8 9 or 10. Most preferably, 'm'
is 2 or 3. The remaining three substituent groups of
the quaternary ammonium moiety, i.e. R2, R3 and R4 may
be the same or different and are selected from H,
lower alkyl, lower alkenyl or lower alkynyl, the
latter three of which are optionally substituted by
one or more substituents selected from lower alkyl,
OR5, C(O)R6 C(O)OR7 C(O)NR8R9, NRi 0Rii and N+R i2R
i3R ]4 .In a preferred embodiment, R2, R3 and/or R4
are lower alkyl, lower alkenyl or lower alkynyl group.
Preferably, R2, R3 and/or R4 are unsubstituted lower
alkyl groups. Optionally, at least one of R2, R3 and
R4 is an alkyl group which is substituted with a
primary, secondary or tertiary amine group or a
quaternary ammonium group. In a preferred embodiment
of the first and second aspects of the invention, R is
-(CH 2)3- , R2 and R3 are CH3 and R is - (CHo)3-
N(CH3)2. In an alternative preferred embodiment of the
first and second aspects of the invention, R is -(CH
2)3- , and R2, R3 and R4 are each CH3. In a further
alternative preferred embodiment of the first and
second aspects of the invention, R1 is -(CH 2)3- , and
R2, R3 and R4 are each C2H5. Advantageously, at least
one of X1, X2, X3 and X4 is a cationic group as
defined above and at least one OfX1, X2, X3 and X4 is
a hydrogen atom. Preferably, each of X1, X2, X3 and X4
is a hydrogen atom or a cationic group as defined
above. Conveniently, the pK values of any primary,
secondary or tertiary amine groups, if present in the
compounds of the invention, is greater than 8 to
ensure that the group is protonated when in a
physiological environment.The quaternary ammonium
cationic group is optionally joined to the porphyrin
ring via a linking moiety. L. 5 Preferred linking
moieties, L, include phenoxy, phenylene, sulfonyl
amido, aminosulfonyl, sulfonylimino,
phenylsulfonylamido, phenylaminosulfonyl, urea,
urethane and carbamate linking moieties. In a
preferred embodiment the quaternary ammonium cationic
group is lo joined to the porphyrin ring via a phenoxy
linker. Thus, X1, X2, X3 and/or X4 may have the
following formula: 5 wherein R is Ri - N+(R2)(R3)R4 as
defined above, and 'n' is an integer between 1 and 3.
In an alternative preferred embodiment, the quaternary
ammonium cationic group is joined to the porphyrin
ring via a phenylene linker. 0 Thus, Xi, X2, X3 and/or
X4 may have the following formula: wherein R is Ri -
N+(R2)(R3)R4, as defined above, and 'm' is an integer
5 between 1 and 3.Preferably, rr is 2, and most
preferably 1. In an alternative preferred embodiment,
X , X , X3 and/or X4 may have the following formula:
wherein R is R] - N+(R2)(R3)R4, 'n' and 'm' are as
defined above, and n + m' is between 1 and 3.
Advantageously, L comprises a benzene ring (e.g.
phenoxy, phenylene, phenylsulfonylamido or phenylam
no-sulfonyl) mono-substituted at the para-position.
Alternatively, L may be mono- or di-substituted at
metaor 07'f/zo-positions. L may also be boikpara- and
oz^/zo-substituted. In an alternative preferred
embodiment, the quaternary ammonium cationic group is
joined directly to the porphyrin ring, i.e. L is
absent. In a preferred embodiment of the first and
second aspects of the invention, the compound
comprises two cationic groups, as defined above, on
opposite sides of the porphyrin ring, i.e. at ring
positions 5 and 15 or ring positions 10 and 20. For
example, X1 and X3 may be a hydrogen atom, a
lipophilic moiety, a phenyl group, a lower alkyl,
alkaryl or aralkyl group, and X2 and X may be cationic
groups, or vice versa. Preferably, X1 and X3 are both
a hydrogen atom and X2 and X4 are both a cationic
group, or vice versa. Alternatively, the compound may
comprise two cationic groups, as defined above, on
neighbouring positions of the porphyrin ring, i. e.
atring positions 5 and 10. or ring positions 10 and
15. or ring positions 15 and 20 or ring positions 20
and 5. For example, X and X2 may be hydrogen and X3
and X4 may be cationic groups, or X2 and X3 may be 



hydrogen and X4 and X1may be cationic groups, etc. It
will be appreciated by persons skilled in the art that
additional isomeric structural possibilities arise
when Z represents nitrogen. Such possibilities are
included within the scope of the present invention. In
a further preferred embodiment of the first and second
aspects of the invention, the compound is substituted
on one or more of its constituent pyrrole rings. Thus,
Yi, Y2 Y3 and Y4 may be absent or independently
represent aryl, lower alkyl, lower alkenyl or lower
alkynyl, the latter three of which are optionally
substituted by one or more substituents selected from
lower alkyl, lower alkylene (optionally interrupted
with oxygen), aryl, OR5, C(O)R6, C(O)OR7, C(O)NR8R9,
NRi0Rii and N R12R13R14 . It will be appreciated by
skilled persons that Y1, Y2 Y and/or Y4 may comprise
cyclic groups, which may be saturated or aromatic. For
example, one or more of the pyrrole rings may be
substituted to form an iso-indole group, i.e. Y1, Y2,
Y3 and/or Y4 together with the pyrrole ring to which
they are attached may be cyclic. In an alternative
preferred embodiment of the first and second aspects
of the invention, Y1, Y2, Y3 and Y4 are absent. Thus,
the porphyrin ring is preferably substituted only at
one or more of positions 5, 10, 15 or 20. In a further
preferred embodiment of the first and second aspects
of the invention, at least one of X , X2, X3 and X4 is
or comprises a lipophilic moiety.By lipophilic moiety'
we include moieties having a partition coefficient
between l-77-octanol and water expressed as log P of
greater than 1.0 at physiological pH and 250C.
Conveniently, the lipophilic moiety is a saturated,
straight-chain alkyl group of formula - (CH2)pCH3, or
an equivalent alkylene group of formula - (CH )P- ,
wherein 'p' is an integer between 1 and 22, for
example between 1 and 18. Preferably, 'p' is between 1
and 18, more preferably between 2 and 16, between 4
and 16, between 6 and 18, between 8 and 16 or between
4 and 12. Most preferably, 'p' is between 10 and 12.
It will be appreciated that X1, X2, X and/or X4 may be
a cationic group, as defined above, which also
comprises a lipophilic moiety. In an alternative
preferred embodiment of the first and second aspects
of the invention, none of Xi, X2 X3 and X4 is a
lipophilic moiety. Advantageously, the compounds used
in the first and second aspects of the invention are
soluble in water. Preferably, the compounds may be
dissolved in water to a concentration of at least 5
mg/1, for example at least 10 mg/1, 15 mg/1 or 20
mg/1. More preferably, the compounds may be dissolved
in water to a concentration of at least 100 mg/1, for
example 200 mg/1, 300 mg/1, 400 mg/1, 500 mg/1, 1
mg/ml, 5 mg/ml, l Omg/ml, 20 mg/ml, 50 mg/ml or 100
mg/ml. Conveniently, the compounds used in the first
and second aspects of the invention exhibit selective
toxicity to microbial agents. By 'selective' we mean
the compound is preferentially toxic to one or more
microorganisms (such as bacteria, mycoplasmas, 3easts,
fungi and/orviruses) compared to mammalian e.g. human
host cells. Preferably the toxicity of the compound to
a target microorganism is at least two-fold greater
than the toxicity of that compound to mammalian cells,
more preferably at least three-fold, at least
four-fold, at least five-fold, at least six-fold, at
least eight-fold, at least ten-fold, at least
fifteen-fold or at least twenty fold. Most preferably,
the compound of the invention is substantially
non-toxic to mammalian cells. In this way, when the
compounds are used to treat bacterial infections, for
example, dosing regimes can be selected such that
bacterial cells are destroyed with minimal damage to
healthy host tissue. Thus, the compounds for use in
the first and second aspects of the invention
preferably exhibit a 'therapeutic window'. In a
preferred embodiment, the compound is toxic to the
target microorganism {e.g. bacterial cells) at low
doses. Preferably, the compound is toxic to the target
microorganism at a concentration of less than 10 mM,
for example less than 1 mM, less than 0.1 mM less than
0.01 mM, less than 0.005 mM or less than 0.001 mM (see
Example B).Preferred compounds for use in the first
and second aspects of the invention include the
following: (a)
5,15-bis-(4-{3-[(3-Dimethylamino-propyl)-dimethyl-amin
onio]- propyloxy}-phenyl)-porphyrin dichloride
{"Compound #") Preferably, this compound is provided
as a dichloride or tetrachloride salt. (b)
5,15-bis-[4-(3-Triethylammonio-propylox3
-phen}d]-porphyrin dichloride {"Compound 9");
Preferably, this compound is provided as a dichloride
salt.(c) 5.1
5-bis-[3-(3-Trimethylammonio-propylox3')-phen g l]-pof
hyrin dichloride { Comp ound 12"); Preferably, this
compound is provided as a dichloride salt. (d)
5,15-bis-[4-(3-Trimeth3darnmonio-prop3dox3
-pheri3'l]-porphyriii dichloride {"Compound 10");
Preferably, this compound is provided as a dichloride
salt. (e)
5-[3,5-bis-(3-Trimeth3dammonio-propyloxy)-phenyl]-
15-undec3 lporphyrin dichloride {"Compound 6");
Preferably, this compound is provided as a dichloride
salt.(f) 5-
(4-[3-Dimeth)'I-(3-d.imeth3daminorropyl)-ammoniopropyl
ox3'] phenyl} -15-(4-dodecylox3 -phen3'l)-porphyrin
chloride ("Compound 23"); Preferably, this compound is
provided as a chloride or dichloride salt. (g)
3-[({3-[(3-{4-[15-(4-Dodecyloxy-phenyl)-porphyrin-5-yl
]-
phenoxy}-propyl)-dimethyl-ammonio]-propyl}-dimethylamm
onio)- propyl]-trimethyl-ammonium trichloride
("Compound 25"); Preferably, this compound is provided
as a trichloride salt.(h) 5,1
5-bis-[3-(3-Trimethylarnmmonio-propyloxy}-phenyl]- 10-
undecyl-porphyrin dichloride ("Compound 28");
Preferably, this compound is provided as a dichloride
salt. i)
5-{4-[3-Diinethyl-(3-trimethylammonio-propyl)-ammoniop
ropyloxy]- phenyl}-15-(4-dodecyloxy~phenyl)-pqf hyrin
dichloride ("Compound 37"); and Preferably, this
compound is provided as a dichloride salt.(j)
5-[4-(3-Dimethyldecyl-ammoniopropylox3 )-phenyl]-15-
(4-[3-
dimethyl-(3-dimethylaminopropyl)-ammoniopropyloxy]-phe
nyl}- pof hyrin dichloride ("Compound 32").
Preferably, this compound is provided as a dichloride
salt. It will be appreciated that the above compounds
may alternatively be in a metallated form, i.e. they
may comprise a chelated metallic element or metalloid
element within the porphyrin ring. The medicament as
prepared according to the first or second aspects of
the invention may be formulated at various
concentrations, depending on the efficacy/toxicity of
the compound being used and the indication for which
it is being used. Preferably, the medicament comprises
the compound at a concentration of between 0.1 mM and
1 mM, more preferably between 1 mM and 100 mM, between
5 mM and 50 mM, between 10 mM and 50 mM, between 20 mM
and 40 mM and most preferably about 30 mM. For in
vitro applications, formulations may comprise a lower
concentration of a compound, for example between
0.0025 mM and 1 mM.It will be appreciated by persons
skilled in the art that the compound used in the first
or second aspects of the invention will generally be
administered in admixture with a suitable
pharmaceutical excipient diluent or carrier selected
with regard to the intended route of administration
and standard pharmaceutical practice (for example, see
Remington: The Science and Practice of Pharmacy, 19
edition, 1995, Ed. Alfonso Gennaro, Mack Publishing
Company, Pennsylvania, USA). Suitable routes of
administration are discussed below, and include
topical, intravenous, oral, pulmonary, nasal, aural,
ocular, bladder and CNS delivery. For example, for
application topically, e.g. to the skin or a wound
site, the compounds can be administered in the form of
a lotion, solution, cream, gel, ointment or dusting
powder (for example, see Remington, supra, pages 1586
to 1597). Thus, the compounds can be formulated as a
suitable ointment containing the active compound
suspended or dissolved in, for example, a mixture with
one or more of the following: mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene polyoxypropylene compound, emulsifying
wax and water. Alternatively, they can be formulated
as a suitable lotion or cream, suspended or dissolved
in, for example, a mixture of one or more of the
following: mineral oil, sorbitan monostearate, a
polyethylene glycol, liquid paraffin, polysorbate 60,
cetyl esters wax, e-lauryl sulphate, an alcohol (e.g.
ethanol, cetearyl alcohol, 2-octyldodecanol, benzyl
alcohol) and water. In a preferred embodiment, the
medicament (e.g. lotion, solution, cream, gel or
ointment) is water-based. Formulations suitable for
topical administration in the mouth further include
lozenges comprising the active ingredient in a
flavoured basis, usuallysucrose and acacia or
tragacanth; pastilles comprising the active ingredient
in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the
active ingredient in a suitable liquid carrier. The
medicament as prepared according to the first or
second aspects of the invention may also be
administered intranasally or by inhalation and are
conveniently delivered in the form of a dry powder
inhaler or an aerosol spray presentation from a
pressurised container, pump, spray or nebuliser with
the use of a suitable propellant, e.g.
dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, a hydrofluoroalkane such as
1,1,1,2-tetrafluoroethane (HFA 134A3 or 1,1, 1,2,3,3
,3-heptafluororropane (HFA 227EA 3), carbon dioxide or
other suitable gas. In the case of a pressurised
aerosol, the dosage unit may be determined by
providing a valve to deliver a metered amount. The
pressurised container, pump, spray or nebuliser may
contain a solution or suspension of the active
compound, e.g. using a mixture of ethanol and the
propellant as the solvent, which may additionally
contain a lubricant, e.g. sorbitan trioleate. Capsules
and cartridges (made, for example, from gelatin) for
use in an inhaler or insufflator may be formulated to
contain a powder mix of a compound of the invention
and a suitable powder base such as lactose or starch.
Aerosol or dry powder formulations are preferably
arranged so that each metered dose or "puff contains
at least 1 mg of a compound for delivery to the
patient. It will be appreciated that the overall dose
with an aerosol will vary from patient to patient and
from indication to indication, and 



may be administered in a single dose or, more usually,
in divided doses throughout the day.Alternatively
other conventional administration routes known in the
art may also be employed; for example the medicament
as prepared according to the first or second aspects
of the invention may be delivered orally, buccally or
sublingually in the form of tablets, capsules, ovules,
elixirs, solutions or suspensions which may contain
flavouring or colouring agents, for immediate-,
delayed- or controlled-release applications. The
medicament may also be administered intra-ocularly
(see below), intra-aurally or via intracavernosal
injection. The medicament may also be administered
parenterally, for example, intravenously,
intra-arterially, intraperitoneally, intrathecally,
intraventriculaiiy, intrasternally, intracranially,
intra-muscularly or subcutaneously (including via an
array of fine needles or using needlefree
Powderject(r) technology), or they may be administered
by infusion techniques. They are best used in the form
of a sterile aqueous solution which may contain other
substances, for example, enough salts or glucose to
make the solution isotonic with blood. The aqueous
solutions should be suitably buffered (preferably to a
pH of from 3 to 9), if necessary. The preparation of
suitable parenteral formulations under sterile
conditions is readily accomplished by standard
pharmaceutical techniques well known to those skilled
in the art. Formulations suitable for parenteral
administration include aqueous and non-aqueous sterile
injection solutions which may contain anti-oxidants,
buffers., bacteriostats and solutes which render the
formulation isotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile
suspensions which may include suspending agents and
thickening agents. The formulations may be presented
in unit-dose or multi-dose containers, for example
sealed ampoules and vials, and may be stored in a
freeze-dried (lyophilised) condition requiring only
the addition of the sterile liquidcarrier, for example
water for inj ections immediately prior to use.
Extemporaneous injection solutions and suspensions may
be prepared from sterile powders granules and tablets
of the kind previously described. The medicament ma}'
also be administered by the ocular route, particularly
for treating diseases of the eye. For ophthalmic use,
the compounds can be formulated as micronised
suspensions in isotonic, pH adjusted, sterile saline,
or, preferably, as solutions in isotonic, pH adjusted,
sterile saline, optionally in combination with a
preservative such as a benzylalkonium chloride.
Alternatively, they may be formulated in an ointment
such as petrolatum. For veterinary use, a compound is
administered as a suitably acceptable formulation in
accordance with normal veterinary practice and the
veterinary surgeon will determine the dosing regimen
and route of administration which will be most
appropriate for a particular animal. In a preferred
embodiment of the first and second aspects of the
invention, the medicament is for oral or parenteral
administration. Thus, the medicaments are preferably
for treating systemic microbial infections. The
medicaments may be stored in any suitable container or
vessel known in the art. It will be appreciated by
persons skilled in the art that the container or
vessel should preferably be airtight and/or
sterilised. Advantageously, the container or vessel is
made of a plastics material, such as polyethylene. It
will be appreciated that the medicaments as prepared
according to the first or second aspects of the
invention may be used for killing a number of types of
microorganism, including bacteria, mycoplasmas,
yeasts,fungi and/or viruses. It will be further
appreciated that the medicaments may be used to
prevent and/or treat infection with such
microorganisms, i.e. the medicaments are suitable for
prophylactic and/or therapeutic treatment. For
example, the medicament may be used to prevent or
reduce the spread or transfer of a pathogen to other
subjects, e.g. patients, healthcare workers, etc.
Preferabfy, the medicaments as prepared according to
the first or second aspects of the invention are for
use in the curative and/or prophylactic treatment of
bacterial infections such as Gram positive cocci {e.g.
Streptococcus), Gram negative cocci (e.g. Neisseria),
Gram positive bacilli (e.g. Corynebacterium species),
Gram negative bacilli (e.g. Escherichia coli),
acid-fast bacilli (e.g. a typical Mycobacterium) and
including infections causing abscesses, cysts, blood
infection (bacteraemia), dermatological infections,
wound infections, arthritis, urinary tract infections,
pancreatitis, pelvic inflammatory disease,
peritonitis, prostatitis infections of the vagina,
oral cavity (including dental infections), eye and/or
ear, ulcers and other localised infections;
actinomyces infections; fungal infections such as
Candida albicans, Aspergillus and Blastomyces; viral
infections such as HIV, encephalitis,
gastro-enteritis, haemorrhagic fever, hantavirus,
viral hepatitis, herpesvirus (e.g. cytomegalovirus,
Epstein-Barr, herpesvirus simiae, herpes simplex and
varicella-zoster); protozoal infections such as
amoebiasis, babesiosis, coccidiosis,
cryptosporidiosis, giardiasis, Leishmaniasis,
Trichomoniasis, toxoplasmosis and malaria; helminthic
infections such as caused by nematodes, cestodes and
trematodes, e.g. ascariasis, hookworm, lymphatic
flariasis, onchocerciasis, schistosomiasis and
toxocariasis; prion diseases; and inflammatory
diseases such as soft-tissue rheumatism,
osteoarthritis, rheumatoid arthritis and
spondyloarthropathies.More preferably, the medicaments
are for use in the curative and/or prophylactic
treatment of infections by Gram positive bacteria
and/or Gram negative bacteria. Most preferably, the
compounds of the invention are for use in the curative
and/or prophylactic treatment of infections by Gram
positive bacteria. The medicaments are preferably used
to kill microorganisms, e.g. bacteria, mycoplasmas,
yeasts, fungi and viruses. The medicaments are
particularly suitable for killing bacteria which have
developed resistance to conventional antibiotic
treatments, such as methicillinresistant
Staphylococcus aureus (MRSA). It will be appreciated
by persons skilled in the art that the medicaments are
suitable to treat all microbial infections, regardless
of whether the site of infection is light accessible
or not. Hence, such medicaments may have utility to
treat infections which are not able to be treated by
conventional photodynamic therapy agents. Preferably,
the microbial infection is on a light-inaccessible
surface or in a light-inaccessible area. Dosages of
the compound in the medicaments as prepared according
to the first or second aspects of the invention will
depend on several factors; including the particular
compound used, the formulation, route of
administration and the indication for which the
compound is used. Typically, however, dosages will
range from 0.01 to 20 mg of compound per kilogram of
body weight, preferably from 0.1 to 15 mg/kg, for
example from 1 to 10 mg/kg of body weight. In a
preferred embodiment, the medicaments as prepared
according to the first or second aspects of the
invention are used in combination withconventional
antimicrobial agents. For example, the compounds may
be used in combination with one or more of the
following conventional antibiotics: anti-bacterial
agents, for example natural and synthetic penicillins
and cephalosporins, sulphonamides, erythromycin,
kanomycin, tetracycline, chloramphenicol, rifampicin
and including gentamicin, ampicillin, benzypenicillin,
benethamine penicillin, benzathine penicillin,
phenethicillin, phenoxy-methyl penicillin procaine
penicillin, cloxacillin, flucloxacillin, methicillin
sodium, amoxicillin, bacampicillin hydrochloride,
ciclacillin, mezlocillin, pivampicillin, talampicillin
hydrochloride, carfecillin sodium, piperacillin,
ticarcillin, mecillinam, pirmecillinan, cefaclor,
cefadroxil, cefotaxime, cefoxitin, cefsulodin sodium,
ceftazidime, ceftizoxime, cefuroxime, cephalexin,
cephalothin, cephamandole, cephazolin, cephradine,
latamoxef disodium, aztreonam, chlortetracycline
hydrochloride, clomocycline sodium, demeclocydine
hydrochloride, doxycycline, lymecycline, minocycline,
oxytetracycline, amikacin, framycetin sulphate,
neomycin sulphate, netilmicin, tobramycin, colistin,
sodium fusidate, polymyxin B sulphate, spectinomycin,
vancomycin, calcium sulphaloxate, sulfametopyrazine,
sulphadiazine, sulphadimidine, sulphaguanidine,
sulphaurea, capreomycin, metronidazole, tinidazole,
cinoxacin, ciprofloxacin, nitrofurantoin, hexamine,
streptomycin, carbenicillin, colistimethate, polymyxin
B, furazolidone, nalidixic acid, trimethoprim-
sulfamethox azole, clindamycin, lincomycin,
cycloserine, isoniazid, ethambutol, ethionamide,
pyrazinamide and the like; anti-fungal agents, for
example miconazole, ketoconazole, itraconazole,
fluconazole, amphotericin, flucytosine, griseofulvin,
natamycin, nystatin, and the like; and anti-viral
agents such as acyclovir, AZT, ddl, amantadine
hydrochloride, inosine pranobex, vidarabine, and the
like.In a further preferred embodiment, the
medicaments comprise and/or are co-administered with
penetration enhancing agents, such as poly-
(ethyleneimine), or antibiotic agents which exhibit
such penetrationenhancing capability (e.g. polymyxin
or colistin). The medicaments as prepared according to
the first or second aspects of the invention are
particularly suited for use in the curative or
prophylactic treatment of one or more of the following
indications: Impetigo Impetigo is a highly
communicable infection. It is the most common
infection in children. Impetigo have two classic forms
nonbullous and bullous. The nonbullous impetigo, also
named impetigo contagiosa accounts for approximately
70% of cases. Lesions normally resolve in 2 to 3 weeks
without treatment. Impetigo also may complicate other
skin diseases such as scabies, varicella, atopic
dermatitis, and Darier's disease.(a) Nonbullous
Impetigo Type of bacteria Nonbullous is an infection
caused principally by Group A betahaemolytic
streptococci {Streptococcus pyogenes). Staphylococcus
aureus, or a combination of these two organisms (see
Andrews' diseases of the skin: clinical dermatology
9th ed. (2000) edited by Odom RB editor Saunders p.3
12-4). Non-Group A (Group B C, and G) streptococci may
be responsible for rare cases of impetigo, and Group B
streptococci are associated with impetigo in the
newborn. Type of wounds Nonbullous is a superficial,
intraepidermal, unilocular vesiculopustular infection.
Lesions of nonbullous impetigo commonly begin on the
skin of the face 



or extremities following trauma. As a rule, intact
skin is resistant to impetiginazation. The clinical
presentation of impetigo evolves in an orderly fashion
from a small vesicle or pustule, which progresses into
honey-coloured crusted plaque. Lesions usually are
less than 2 cm in diameter. Lesions tend to dry,
leaving fine crusts without cicatrisation. Lesions are
usually minimally symptomatic. Rarely, erythema
associated with mild pain or slight pruritus may be
present. The infection spreads to contiguous and
distal areas through the inoculation of other wound
from scratching.Site of bacteria Nonbullous impetigo
is a superficial streptococcal or staphylococcal
infection which is localised to the subcorneal (just
beneath the stratum corneum) layer of the skin (see
Figure 1). More particularly, infection in impetigo is
confined histopathogically to highly differentiated,
upper epidermal keratinoc};tes. Once the bacteria
invade a break in the skin, they begin to multiply.
The histopathology is that of an extremely superficial
inflammation about the funnel-shaped upper portion of
the pilosebaceous follicles. A subcorneal
vesicopustule is formed, containing a few scattered
cocci, together with debris of polymorphonuclear
leukocytes and epidermal cells. In the dermis, there
is a mild inflammatory reaction - vascular dilatation,
oedema, and infiltration of polymorphonuclear
leukocytes (Andrews' diseases of the skin, supra., p
.312-4). (b) Bullous impetigo Type of bacteria Bullous
impetigo is caused primarily by strains of
Staphylococcus aureus which produce exfoliative toxins
(Sadick et ah, 1997, Dermatologic Clinics 15(2):
341-9). Type of wounds Bullous impetigo is
histologically characterised by subcorneal cleavage
and infiltrate with polymorphonuclear leucocytes
migrating through the epidermis and accumulating
between granular and stratum corneum skinlayers. Small
or large superficial fragile bullae are present on the
trunk and extremities. Flaccid bullae and moist
erosions with surrounding erythema are characteristic
of this subcorneal infections. Often, only the
remnants of ruptured bullae are seen at the time of
presentation. The separation of the epidermis is due
to an exotoxin produced by Staphylococcus aureus.
Sites of bacteria Bullous impetigo is a superficial
staphylococcal infection that occurs in and just
beneath the stratum corneum (see figure 1). Bullous
impetigo is considered due to exfoliative toxin
produced by some Staphylococcus aureus attached to
stratum corneum cells. Atopic dermatitis (AD) Atopic
dermatitis, also named atopic eczema, is a chronic
inflammation of the skin resulting in an itchy rash,
especially in the flexures i.e. behind the knees, in
front of the elbows, wrists, neck, and eyelids.
Infection of the rash is common, and causes further
inflammation and itch. Eczema typically manifests in
those aged 1-6 months. Approximately 60% of patients
have their first outbreak by 1 year and 90% by 5
years. Onset of atopic dermatitis in adolescence or
later is uncommon and should prompt consideration of
another diagnosis. Disease manifestations vary with
age.Type of bacteria Bacteria and their superantigens
contribute to the pathogenesis of AD. Staphylococcus
aureus colonises the skin of 90% of AD patients
(chronic eczematous lesions) and only 5% of non-atopic
patients. The 1 colonisation density of Staphylococcus
aureus can reach up to 10 colony forming units cm 2
without clinical signs of infection in patients with
AD. In addition, the apparently normal non-lesional
skin of atopic patients contains increased numbers of
Staphylococcus aureus. The reason for the overgrowth
of Staphylococcus aureus in atopic dermatitis, though
much less severely or not at all in diseases such as
psoriasis, is not known. Protein A elicits a much less
vigorous response in atopies than in normals or
psoriatics, but this may be the result rather than a
cause of colonisation. Attention has recently turned
to the skin lipids and there is some evidence that
fatty acids which may control staphylococcal
colonisation are deficient in atopies. Superantigens
are a unique group of proteins produced by bacteria
and viruses that bypass certain elements of the
conventional, antigenmediated immune sequence. Whereas
conventional antigens activate approximately 0.01% to
0.1% of the body's T cells, a superantigen has the
ability to stimulate 5% to 30% of the T-cell
population. S. aureus may exacerbate or maintain skin
inflammation in AD by secreting a group of exotoxins
that act as superantigens. AD patients possess an
altered skin barrier secondary to an insufficiency of
ceramides within the stratum corneum. It has been
proposed that penetration of the skin by these
exotoxins may cause activation of T cells,
macrophages, LCs, and mast cells, thereby leading to
the release of cytokines and mast cell mediators.It is
conceivable that these events may provide the basis
for inflammation in chronic AD. Speculation remains
whether S. aureus colonisation and local superantigen
secretion is a primary or secondary phenomenon in AD
(Andrews' diseases of skin, Chap. 5 Atopic Dermatitis,
Eczema and non-infectious immunodeficiency disorders,
p .69-76). Cutaneous viral, fungal, and bacterial
infections occur more commonfy in AD patients. Viral
infections are consistent with a T cell defect and
include herpes simplex (local or generalised, i.e.
eczema herpeticum), molluscum contagiosum, and human
papilloma virus. Superficial fungal infections with
Trichophyton rirum and Pityrosporon ovale also occur
frequently. Bacterial infections, specificalfy those
with S. aureus, are extremely common. Superinfection
results in honey-coloured crusting, extensive serous
weeping or folliculitis. Type of wounds Acute lesions
appear as erythematous papules, vesicles, and
erosions; chronic disease consists of fibrotic papules
and thickened, lichenified skin. A finding of
increasing numbers of pathogenic staphylococci is
frequently associated with weeping, crusting,
folliculitis and adenopathy. Secondary staphylococcal
infection is frequent and local oedema and regional
adenopathy commonly occur during atopic dermatitis.
Impetigo can be a sort of secondary infection of
atopic dermatitis. The histology of atopic dermatitis
ranges from acute spongiotic dermatitis to lichen
simplex chronicus, depending on the morphology of the
skin lesion biopsied.Sites of bacteria Staphylococcus
aureus cell walls exhibit receptors, the so-called
adhesins, for epidermal and dermal fibronectin and
fibrinogen. It has been demonstrated that the binding
of Staphylococcus aureus was mediated by fibrinogen
and fibronectin in AD patients. As the skin of AD
patients lacks an intact stratum corneum, dermal
fibronectin might be uncovered and increase the
adherence of Staphylococcus aureus. Fibrillar and
amorphous structures have been traced between
Staphylococcus aureus cells and corneocytes and may
results in a bacterial biofilm. It has been observed
that Staphylococcus aureus penetrates into
intracellular spaces suggesting that the skin surface
lipids are deteriorated in AD patients (see Breuer K
et aL, 2002, British Journal of Dermatology 147:
55-61) . Ulcers Skin ulcers, such as diabetic foot
ulcers, pressure ulcers, and chronic venous ulcers,
are open sores or lesions of the skin characterised by
the wasting away of tissue and sometimes accompanied
by formation of pus. Skin ulcers may have different
causes, and affect different populations, but they all
tend to heal very slowly, if at all, and can be quite
difficult and expensive to treat. Type of bacteria
Superficial pressure ulcers are not associated with
major infection problems. Aerobic microorganisms at
low levels will contaminate pressure ulcers, but will
not impede timely healing. However, deep Mlthickness
pressure ulcers can become secondarily infected and
osteomyelitis can occur. Those pressure ulcers with
necrotic tissue contain high levels of aerobic and
anaerobic microorganisms as compared to non-necrotic
ulcers; foul smell is usually present when anaerobes
invade the tissues. Thus, a treatment strategy is to
clear necrotic tissue from the wound, producing a
decrease in anaerobe presence. The infections of
pressure ulcers are typically polymicrobial and can
contain Streptococcus pyogenes, enterococci, anaerobic
streptococci, Enterobacteriaece, Pseudomonas
aeruginosa, Bacteroides fi'agilis and Staphylococcus
aureus. Type of wounds Stage I pressure ulcer:
Nonblanchable erythema of intact skin, considered to
be heralding lesion of skin ulceration. Stage II
pressure ulcer: Partial thickness skin loss involving
the epidermis and/or dermis. The ulcer is superficial
and presents clinically as an abrasion, blister, or
shallow crater. Because the epidermis may be
interrupted by an abrasion, blister, or shallow
crater, the ulcer should be evaluated for signs of
secondary infections. Stage III: Full thickness skin
loss involving damage or necrosis of subcutaneous
tissue which may extend down to, but not through,
underlying fascia. The ulcer presents clinically as a
deep crater with or without undermining of adjacent
tissue.Stage IV: Full thickness skin loss with
extensive destruction, tissue necrosis, or damage to
muscle bone, or supporting structures, such as tendons
or joint capsules. Sites of bacteria There are three
microbiological states that are possible in a wound:
contamination, colonisation and infection.
Contamination is characterised as the simple presence
of microorganisms in the wound but without
proliferation. It is generally accepted that all
wounds, regardless of aetiology, are contaminated.
Colonisation is characterised as the presence and
proliferation of microorganisms in the wound but
without host reaction. Colonisation is a common
condition in chronic wounds such as venous ulcers and
pressure ulcers and does not necessarily delay the
healing process. When bacteria invade healthy tissues
and continue to proliferate to the extent that their
presence and by-products elicit or overwhelm the host
immune response, this microbial state is known as 



infection. The classic signs and symptoms of infection
include local redness, pain and swelling, fever and
changes in the amount and character of wound exudates.
Lung infections The medicaments of the invention are
also suitable for treating a patient having an
infectious disease of the lung. Lung infection can
occur with a variety of bacterial genera and species,
which include Mycobacterium tuberculosis
(tuberculosis), Pseudomonas (primary cause of death of
cystic fibrosis patients), Streptococcus,
Staphylococcus pneumoniae, Klebsiella, Toxoplasma,
etc. Lung infection can also occur with a variety of
virus strains and opportunistic pathogens (fungi,
parasites). Aspathogens of the lung are increasingly
resistant to classical antibiotic therapies,
photodynamic therapy offers an alternative method for
eliminating these harmful organisms. The medicaments
of the invention can be administered to the lung in a
variety of ways. For example the compound can be
administered by the respirator}' tract {i.e.
intra-trachealry, intra-bronchially, or
intraalveolarly) or through the body wall of the
chest. Further indications The medicaments of the
invention are also suitable for the curative and/or
prophylactic treatment of the following: Systemic
infections, bacteraemia (blood infection),
periodontitis and other dental infections, treatment
of tooth decay and against plaque, urinary tract
infections, vaginal infections, treatment of all
microorganism diseases including prions, viral
infections, yeast infections, throat infections,
stomach ulcers (caused by Heliobacter pylori),
infections of burn sites and skin grafts, otitis (ear
infection), bacterial conjunctivitis and other eye
infections, infected bones exposed during surgical
procedures, and bioterrorism attacks. Suitable
veterinary applications include the curative and/or
prophylactic treatment of foot-and-mouth disease, BSE
and animal parasite infestations.Thus farther aspects
of the invention provide the following: (i) Use of a
compound as described above in the preparation of a
medicament for the curative and/or prophylactic
treatment of a dermatological infection; (ii) Use of a
compound as described above in the preparation of a
medicament for the curative and/or prophylactic
treatment of an infection of the lungs; (iii) Use of a
compound as described above in the preparation of a
medicament for the curative and/or proprrylactic
treatment of a wound infection and/or an ulcer; (iv) A
method for treating a patient in need of treatment
with a antimicrobial agent comprising administering to
the patient a compound as described above, wherein the
method does not comprise irradiating the compound with
a stimulus which activates antimicrobial activity; and
(v) A method for treating a patient in need of
treatment with an antimicrobial agent comprising
administering to the patient a compound as described
above, wherein the method comprises a first treatment
phase during which the compound is not irradiated with
a stimulus which activates antimicrobial activity,
followed by a second treatment phase when the compound
is irradiated with a stimulus which activates
antimicrobial activity (such as ultrasound and/or
light). Preferably, the first treatment phase lasts at
least 10 minutes, for example at least 20 minutes, 30
minutes, 40 minutes,50 minutes, 1 hour, 2 hours, 3
hours. 5 hours, 12 hours and 24 hours. The medicaments
prepared according to the first and second aspects of
the invention may also be used to kill microorganisms
in vitro. For example, the medicament may also be used
in the form of a sterilising solution or wash to
prevent the growth of microorganisms on a surface or
substrate, such as in a clinical environment (e.g.
surgical theatre) or a domestic environment (e.g. a
kitchen work surface, washing clothes such as bed
linen). Preferably, such a medicament comprises the
antimicrobial compound in solution at a concentration
of 1 to 100 mg/ml. Preferably, the solution further
comprises a surface-active agent or surfactant.
Suitable surfactants include anionic surfactants (e.g.
an aliphatic sulphonate), amphoteric and/or
zwitterionic surfactants (e.g. derivatives of
aliphatic quaternary ammonium, phosphonium and
sulfonium compounds) and nonionic surfactants (e.g.
aliphatic alcohols, acids, amides or alkyl phenols
with alkylene oxides) Conveniently, the surface-active
agent is present at a concentration of 0.5 to 5 weight
percent. The sterilising solutions are particularly
suited for use in hospital environments. For example,
the sterilising solutions may be used to sterilise
surgical instruments and surgical theatre surfaces, as
well as the hands and gloves of theatre personnel. In
addition, the sterilising solutions may be used during
surgery, for example to sterilise exposed bones. In
all cases, the solution is applied to the surface to
be sterilised.The medicament may also be used to
disinfect blood and blood products and in the
diagnosis of bacterial contamination or infection. In
both in vitro and in vivo uses, the medicament
prepared according to the first and second aspects of
the invention is preferably exposed to the target
microorganisms (or surface/area to be treated) for at
least five minutes. For example, the exposure time may
be at least 10 minutes, 20 minutes, 30 minutes, 40
minutes, 50 minutes, 1 hour, 2 hours, 3, hours, 5
hours, 12 hours and 24 hours. Preferred, non-limiting
embodiments of the invention will now be described by
wa3' of example, with reference to the accompanying
drawings in which: Figure 1 shows a schematic diagram
of the structure of skin. Figure 2 shows cell toxicity
of normal human dermal fibroblasts after 5 minutes, 1
hour and 4 hours incubation with Compound 10. KHDF
were incubated with different concentrations of
Compound 10 for 5 min, 1 h and 4 h (0 mM, 0.01 mM, 0.1
mM5 1.0 mM, 10 mM). Cells were then incubated for 24 h
in the dark. Toxicity was tested by standard MTTassay.
Cell viability was normalised to one, which means, the
values of control cells were normalised to one. Grey
dotted line: 5 min incubation; black dotted: 1 h
incubation; black line: 4 h incubation; (n=3, mean
SD). Figure 3 shows cell toxicity of normal human
epidermal keratinocytes after 5 minutes, 1hour and 4
hours incubation with Compound 10.NHEK were incubated
with different concentrations of Compound 10 for 5
min, 1 h and 4 h (0 mM, 0.01 mM, 0.1 mM, 1.0 mM, 10
mM). Cells were then incubated for 24 h in the dark.
Toxicity was tested by standard MTTassay. Cell
viability was normalised to one, which means, the
values of control cells were normalised to one. Red
dotted line: 5 min incubation; black dotted: 1 h
incubation; blue dotted: 4 h incubation only; (n=3,
mean  SD). Figure 4 shows the chemical stability of
Compound 10 formulated (A) as a solid, (B) in water
and (C) in PBS. Figure 5 shows a 3D plot of the
stability (measured by HPLC) of Compound 10 after 2 1
days in PBS buffer. Figure 6 shows the stability over
8 weeks of various formulations of (A) Compound I 5
(B) Compound 8, (C) Compound 12 and (D) Compound 10.
Figure 7 shows the extended stability over 17 weeks of
various formulations of (A) Compound 10 and (B)
Compound 8.EXAMPLES EXAMPLE A: SYNTHESIS OF EXEMPLARY
COMPOUNDS Materials and Meth ods NMR-measurements
Proton NMR spectra were recorded on a Bruker B-ACS60
(300 MHz) instrument using TMS as internal standard.
The chemical shifts are given in ppm and coupling
constants in Hz in the indicated solvent. Some
abbreviation for NMR: singlet (s), broad singlet (bs),
doublet (d), triplet (t), quartet (q), quintet
(quint), multiplet (m). Chemicals All solvents and
reagents were purchased from Aldrich, Fluka, Merck and
Lancaster and used without further purification.
Dipyrrolmethane was prepared as described by C. Brcker
et al., J. Porphyrins Phthalocyanines, 2 455 (1998).
Chromatography Column chromatography was carried out
using silica gel (Merck Silicagel 60, Fluka 60,
0.040-0.063 nun) and Sephadex LH-20 (Pharmacia). All
solvents (Synopharm) for chromatography were technical
pure grade.Abreviations DDQ:
2,3-dichloro-5,6-dicyano-p-benzoquinone DMF: N,
-dimethylformamide TFA: trifluoroacetic acid Synthesis
routes for test compounds The following test compounds
were synthesised: Exemplary compounds for use in the
invention Compounds 6, 8 to 10, 12, 23, 25, 28, 31 and
32. Reference compounds (for use as comparative
controls) Compounds 1, 3, 16, 19, 26, 29, 33, 36, 37,
39, 4 1 and 46 to 51. Chemical intermediates Compounds
2, 4, 5, 7, 11, 13 to 15, 17, 18, 20 to 22, 24, 27,
30, 34, 35, 38, 40 and 42 to 45.COMPOUND 1
5,10,15,20-tetralds-[4-(3-Trimeth34ammonio-propyloxy)-
phenyl]- porphyrin tetrachloride To a
vigorously-stirred suspension of
5,10,15,20-tetrakis-(4-hydroxyphenyl)- porphyrin (50
mg, 0.07 mmol) and K2CO3 (230 mg, 1.7 mmol) in DMF (20
mL), a solution of (l-bromopropyl)-trimethylammonium
bromide (0.27 g, 1.05 mmol) in DMF (5 mL) is added
dropwise at 5O0C during 30 mins. The mixture is
stirred at 5O0C for 15 h . After removal of DMF under
reduced pressure, the residue obtained is dissolved in
methanol (5 mL) and filtered through a pad of silica
gel (depth 2 cm) supported on a steel frit (diameter
3.5 cm). After washing with methanol ( 1 L), the pad
is eluted with acetic acid. After evaporation of
solvent from the eluate, the residue obtained is
purified by chromatography on a column (2.5 x 40 cm)
of Sephadex LH20 eluting with nbutanol: water: acetic
acid (4:5:1, by vol., upper phase). The recovered 



material is dissolved in the minimum volume of
methanol and the solution is passed through a short
column (3.5 x 20 cm) of anion exchange resin
(Amberlite IRA 40O chloride form). The recovered
tetrachloride salt is dried under high vacuum and
obtained as a violet solid.1H-NMR: dH (300MHz, CD3OD):
2.35-2.50 (bs. 8 H), 3.25-3.35 (bs, 36 H), 3.65- 3.75
(bs, 8 H), 4.35 (m, 8 H), 7.30, 8.10 (2 x d, 3J 8.5
Hz, 16 H), 8.80- 9.00 (bs, 8 H). COMPOUND 2
5,10,15-tris-(4-Hydroxy-phenyl)-20-(4-undecyloxy-pheny
l)-porphyrin To a vigorously- stirred suspension of
5,10,15,20-tetrakis-(4-rrydroxyphenyl)- porrhyrin (400
mg, 0.59 mmol) and K2CO3 (1.0 g, 7.1 mmol) in DMF (75
mL), a solution of 1-bromoundecane (0.1 mL, 0.45 mmol)
in DMF (10 mL) is added dropwise at 500C during 30
mins and the mixture is stirred at the same
temperature for 1.5 h. After removal by filtration of
K2CO3 and removal under reduced pressure of DMF, the
residue obtained is dissolved in dichloromethane (200
mL), washed with water (3x150 mL) and the solution
dried (Na2SO4). The solvent is evaporated under
reduced pressure and the residue obtained is dissolved
in toluene :ethanol (5:1 by vol., ca. 10 mL) and
purified by chromatography using a column (5 X 50 cm)
of silica gel (Merck 60). The column is eluted with
toluene followed by toluene:ethyl acetate (2:1 by
vol.) and the desired material recovered by
evaporation of solvent from the appropriate fractions
is dried under high vacuum. The product is obtained as
a violet solid.1H-NMR: dH (300Mz, d6-acetone): 0.95
(t, 3J 7.5 Hz, 3 H), 1.25-1.55 (m, 14 H), 1.58 (quint
3J 7.5 Hz, 2 H), 1.85 (quint, 3J 7.5 Hz. 2 H), 4.16
(t, 3J 7.5 Hz, 2 H)5 7.20 (d, 3J 8.1 Hz, 2 H), 7.25
(d, 3 8.2 Hz, 6 H), 8.00-8.15 (m, 8 H), 8.80-9.10 (m,
8 H). COMPOUND 3
5,10,15-tris-[4-(3-Trimethylammonio-propylox3')-phenyl
]-20-(4- undecyloxy-phenyl)-porphyrin trichloride To a
vigorously-stirred suspension of Compound 2 (100 mg,
0.12 mmol) and K2CO3 (230 mg, 1.7 mmol) in DMF (30
mL), a solution of (1- bromopropyl)-trimethylammonium
bromide (0.3 g, 16.6 mmol) in DMF (10 mL) is added at
5O0C and the mixture is stirred at this temperature
for 12 h . After removal of the DMF under reduced
pressure, the residue obtained is dissolved in
methanol (5 mL) and filtered through a pad of silica
gel (depth 2 cm) supported on a steel frit (diameter
3.5 cm). After washing with methanol (ca. IL), the pad
is eluted with acetic acid:methanol: water (3:2:1, by
vol.). After evaporation of the solvent from the
eluate under reduced pressure, the residue obtained is
purified by chromatography on a column (2.5 x 40 cm)
of Sephadex LH-20 eluting with n-butanol:water:acetic
acid (5:4:1, by vol., upper phase). After removal of
the solvent from appropriate fractions of the eluate
underreduced pressure, the residue obtained is
dissolved in methanol (5 mL) and the solution is
passed through a short column (3.5 x 20 cm) of anion
exchange resin (Amberlite IRA 400, chloride form). The
final product is obtained as the trichloride salt,
after removal of solvent and drying under high vacuum,
as a violet solid. 1H-NMR: dH (300MHz, CD3OD): 0.80
(t, 3J 7.5 Hz, 3 H), 1.15-1.45 (m, 16 H), 1.50-1.60
(bs, 2 H), 2.25-2.45 (bs, 6 H)5 3.25-3.35 (bs, 27 H),
3.75-3.85 (bs, , 6 H), 4.18 (t, 3J 7.5 Hz, 2 H),
4.40-4.45 (bs, 6 H), 7.20-7.40, 7.95- 8.15 (2 x m, 16
H), 8.60-9.00 (bs, 8 H). COMPOUND 4 5-(3
,5-Dimethoxy-phenyl)- 15-undecyl-porphyrin To a
stirred solution of dipyrrolemethane (0.62 g, 4.2
mmol) in dichloromethane (5 mL) is added
3,5-dimethoxybenzaldehyde (0.35 g, 2.1 mmol) and
dodecanal (0.464 g, 2.52 mmol) in degassed
dichloromethane (IL). TFA (0.07 mL, 3.0 mmol) is added
dropwise. The solution is stirred at room temperature
in the dark for 17 h under argon. After addition of
DDQ (2.7 g, 12 mmol), the mixture is stirred at room
temperature for a further hour. Purification of
material recovered after removal of solvent under
reduced pressure by chromatography on a column (400 g)
of silica gel (Merck 60) with toluene for elution
yields the product as a violet solid.1H-NMR: dH
(300Mz. CDCl3) : 0.80 (t, 3J 7.5 Hz, 3 H), 1.10-1.25
(m, 12 H), 1.40 (m, 2H), 1.75 (quint. , 3J 7.5 Hz. 2
H), 2.45 (quint 3J 7.5 Hz, 2 H), 3.90 (s, 6H), 4.90
(t, 3J 7.5 Hz, 2 H), 6.80 (m, 1 H), 7.35 (m. 2 H),
9.00, 9.25, 9.30, 9.50 (4 x d, , 3J 4.7 Hz, 4 x 2 H),
10.15 (s, 2H). COMPOUND 5
5-(15-Undecyl-porphyrin-5-yl)-benzene-l,3-diol To a
solution of Compound 4 (80 mg, 0.133 mmol) in
anhydrous dichloromethane (80 mL) under an argon
atmosphere, BBr3 (5 mL, IM in dichloromethane) is
added dropwise at -7O0C and the mixture is stirred for
1 h at this temperature and then warmed to room
temperature and stirred overnight. The mixture is
cooled to -10 0C and hydrolysed by the addition of
water (2 mL) and stirring for 1 h . NaHCO 3 (3 g) is
added directly for neutralisation. The mixture is
stirred for a further 12 h and after filtration
OfNaHCO 3 and removal of dichoromethane under vacuum
the residue obtained is purified by column
chromatography using silica gel eluting with
dichloromethane. After evaporation of solvent from
appropriate combined fractions and drying of the
residue obtained under high vacuum the product is
obtained as a violet solid 1H-NMR: dH (300Mz,
d6-acetone): 0.75 (t, 3J 7.5 Hz, 3 H), 1.05-1.25 (m,
12 H), 1.30-1.40 (m, 2H), 1.45-1.50 (m, 2 H) 2.40
(quint, 3J 7.5 Hz, 2 H), 4.90(t, 3J 7.5 Hz, 2 H), 6.65
(m, 1 H). 7.18 (m, 2 H), 8.60-8.65, 9.00-9.05.
9.35-9.40, 9.55-9.60 (4 x m, 8 H), 10.25 (s, 2H).
COMPOUND 6 5-[3,5-bis-(3-Trimethyla
pimoiiio-prop3doxy)-phenyl3-15-undecylporphyrin
dichloride To a vigorously-stirred suspension of
Compound 5 (80 mg, 0.14 mmol) and K2CO3 (230 mg, 1.7
mmol) in DMF (30 mL) is added (1-
bromopropyl)-trimethylammomum bromide (0.3 g, 16.6
mmol) at 50 0C. The mixture is stirred at this
temperature for 18 h . After removal of the DMF under
reduced pressure, the residue obtained is dissolved in
methanol (5 mL) and filtered through a pad of silica
gel (depth 2 cm) supported on a steel frit (diameter
3.5 cm). After washing the pad with methanol (ca. IL)
the crude product is eluted with acetic acidrmethanol
.-water (3:2:1, by vol.). Appropriate fractions are
collected and, after evaporation of the solvent under
reduced pressure, the residue obtained is purified by
chromatography on a column (2.5 x 40 cm) of Sephadex
LH-20 eluting with n-butanol:water:acetic acid (5:4:1,
by vol., upper phase). After removal of the solvent
from appropriate fractions under reduced pressure, the
residue obtained is dissolved in methanol (5 mL) and
the solution is passed through a short column (3 .5 x
20 cm) of anion exchange resin (Amberlite IRA 400,
chloride form). After collection of the eluate,
solvent is removed under reduced pressure andthe
residue obtained is dried under high vacuum to yield
the dichloride salt as a violet solid. 1H-NMR: dH
(300Mz, CD3OD): 0.75 (t, 3Jl. 5 Hz, 3 H), 1.05-1.20
(m, 14 H), 1.45- 1.50 (m, 2 H), 2.05-2.15 (m, 4 H),
2.15-2.20 (m, 2 H)5 2.95 (s, 18 H), 3.35-3.45 (m, 4
H), 3.95 (t, 3J 7.5 Hz, 4 H), 4.55 (t, 3J 7.5 Hz, 2
H), 6.85 (m, 1H)5 7.35 (m, 2 H), 8.85-8.90, 9.15-9.20,
(3 x m, 8 H), 10.10 (s, 2 H). COMPOUND 7 5,1
5-bis-[4~(3-Bromo-propyloxy)-phenyl] -porphyrin To a
stirred solution of dipyrrolemethane (0.61 g, 4.1
mmol) and 4-(3- bromopropyloxy)-benzaldehyde (1.03 g,
4.2 mmol) in degassed dichloromethane ( 1 L), TFA
(0.07 mL, 1.5 mmol) is added dropwise. The solution is
stirred at room temperature in the dark under argon
for 17 h. After addition of DDQ (2.76 g, 0.012 mol),
the mixture is stirred at room temperature for a
further hour. Filtration through silica gel (Fluka 60,
100 g) using dichloromethane for elution gives raw
product which, after treatment with dichloromethane
:n-hexane, yields pure product as a violet
solid.1H-NMR: dH (300Mz5C6D6) : -3.15 (2 H, s), 2.00
(quint, 3J 7.5 Hz, 4 H), 3.30 (t, 3J 7.5 Hz, 4 H).
3.90 (t, 3J 7.5 Hz, 4 H) 7.15-7.18, 7.95-8.15 (2 x m,
2 x 4 H), 9.15-9.20,(m, 8 H) 10.05 (s, 2H). COMPOUND 8
5,15-bis-(4-{3-[(3-Dimethylamino-propyl)-dimethyl-ammo
nio]- propyloxy}-phenyl)-porphyrin dichloride Compound
7 (200 mg, 0.27 mmol) is dissolved in absolute DMF (40
mL) with N5N,N' 5N'-tetramethyl-l,3-propanediamine (5
mL, 13,9 mmol) and the solution is stirred at 50C
under argon overnight. After evaporation of the
solvent under reduced pressure, the residue obtained
is dissolved in methanol (5 mL) and the solution is
filtered through a pad of silica gel (depth 2 cm)
supported on a steel frit (diameter 3.5 cm). The pad
is eluted with methanol (ca. IL) followed by acetic
acid:methanol:water (3:2:1, by vol.). After
evaporation of the solvent from appropriate fractions,
the raw product obtained is dissolved in methanol (5
mL) and further purified by chromatography on a column
(2.5 x 40 cm) of Sephadex LH-20 using n-butanol:
water: acetic acid (4:5:1, by vol., upper phase) as
the developing phase. The first fraction eluted is the
desired product. After removal of solvent under
reduced pressure the residue obtained is dissolved in
methanol (5 mL) and passed through a short column (3.5
x 20 cm) of anion exchange resin (Amberlite IRA
400,chloride form). After removal of solvent under
reduced pressure from the eluate, the residue is
treated with diethylether and dried under high vacuum
to give the product as a violet solid. 1H-NMR: dH
(300MHz, CD3OD): 2.20-2.35 (m, 4 H), 2.40-2.50 (m, 4
H) 2.80 (s, 12 H), 3.05 (4 H, t , 3J 7.8, 2 H), 3.25
(s, 12 H), 3.45-3.55 (bs, 4 H). 3.65- 3.75 (m, 4 H),
4.30 (t, V4.2 Hz, 4 H)5 7.40, 8,10 (2 x d, 3J 7.5 Hz,
2 x 4 H), 8.95, 9.45 (2x d, 3J 4.2 Hz , 8 H), 10.40
(s, 2 H). COMPOUND 9
5,15-bis-[4~(3-Trieth34ammonio-propyloxy)-phenyl]-porp
hyrin dichloride To a solution of Compound 7 (50 mg,
0.068 mmol) in absolute DMF (20 mL) is added
triethylamine (4,7 mL, 0.034 mol, 500 eq.). The
mixture is stirred at 600C for 24 h. The solvent is
removed under reduced pressure and the residue
obtained is dissolved in methanol (5 mL) and filtered 



through a pad of silica gel (depth 2 cm) supported on
a steel frit (diameter 3.5 cm). After washing with
methanol (ca. IL) the pad is eluted with acetic
acid:methanol:water (3:2:1, by vol.). After
evaporation of the solvent from the eluted fraction,
the raw product obtained is dissolved in methanol (5
mL) and purified by chromatography on a column (2.5 x
40 cm) of Sephadex LH-20 eluting with
n-butanol:water:acetic acid (4:5:1, by vol., upper
phase). The solvents are removed under reduced
pressure from appropriate fractions, the residue
obtained is dissolved in methanol (5 mL) and the
solution is passed through a short column (3.5 x 20
cm) ofanion exchange resin (Amberlite IRA 400,
chloride form) to yield the product as a violet solid
after evaporation of solvent. 1H-NMR: dH (300Mz,
CD3OD): 1.25 (m, 18Hj, 2.13 (m, 4H) the signals for -
CH2NCH2 (16H) are in the area 3.00-3.40 as a part of
the multiplet covered by the solvent signals, 4.15 (t,
4H, 3J = 7.5 Hz) 7.36 (d, 4H, 3J = 7.5 Hz ), 8.15 (d,
4H 3 = 7.5 Hz) 5 9.05 (d, 4H5 3J = 7.5 Hz) 5 9.54 (d,
4H5 3 = 7.5 Hz)5 10.45 (S52H) COMPOUND 10 5,1
5-bis-[4-(3
-Trimethylammonio-propyloxy)-phenyl]-porphyrin
dichloride A solution of Compound 7 (300 ing, 0.41
mmol) in absolute DMF (50 mL) is transferred into a
100 mL autoclave. After addition of trimethylamine
(4.5 g ) the mixture is stirred at 5O0C for 16 h.
After evaporation of the solvent, the residue obtained
is dissolved in methanol (5 mL) and the solution is
filtered through a pad of silica gel (depth 2 cm)
supported on a steel frit (diameter 3.5 cm). After
washing with methanol (ca. IL) the pad is eluted with
acetic acid:methanol: water (3:2:1, by vol.). After
evaporation of the solvent from appropriate fractions,
the residue obtained is dissolved in methanol (5 mL)
and purified by chromatography on a column (2.5 x 40
cm) of Sephadex LH-20, eluting with n butanol:water:
acetic acid (4:5:1, by vol., upper phase). Two
fractions areobtained, the flrst-eluting of which is
the desired product. The solvent is removed under
reduced pressure and the residue obtained is
redissolved in methanol (5 mL) and the solution is
passed through a short column (3.5 x 20 cm) of anion
exchange resin (Amberlite IRA 400, chloride form).
After evaporation of the solvent under reduced
pressure, the residue is treated with methanol
:diethylether and dried under high vacuum to give the
product as a violet solid. 1H-MV[R: dH (300Mz5CD3OD):
2.40-2.60 (m, 4 H), 3.30-3.25 (bs, 18 H), 3.75-3.80
(m, 4 H), 4.40(t, 3J 7.5 Hz, 4 H) 7.40, 8.20 (2 x d,
3J 8.5 Hz, 8 H), 9.05, 9.50 (2 x d, 3J 4.5 Hz, 8 H),
10.45 (s, 2 H). Alternative synthesis routefor
Compound 10 Compound 42 (lOOmg, 0.2mMol; see below) is
dissolved and potassium carbonate (230mg UmMoI) is
suspended in DMF (3OmL) and to the vigorously-stirred
mixture is added a solution of (1-bromopropyl)-
trimethylammonium bromide (350mg, 1.3mMol) in DMF
(5mL) dropwise at 5O0C during 30 mins. The mixture is
heated for 15h. DMF is removed by rotary evaporation
and the residue obtained is dissolved in methanol and
the solution is filtered through a pad of silica gel
(depth 2 cm) supported on a steel frit (diameter 3.5
cm). After washing with methanol (ca. IL) the pad is
eluted with acetic acid:methanol:water (3:2:1, by
vol.). After evaporation of the solvent from
appropriate fractions, the residue obtained is
dissolved in methanol (5 mL) and purified by
chromatography on a column (2.5 x 40 cm) of Sephadex
LH- 20, eluting with n-butanol:water: acetic acid
(4:5:1, by vol., upper phase). Two fractions are
obtained, the first-eluting of which is the desired
product. The solvent is removed under reduced pressure
and the residueobtained is redissolved in methanol (5
mL) and the solution is passed through a short column
(3.5 x 20 cm) of anion exchange resin (Amberlite IRA
400, chloride form). After evaporation of the solvent
under reduced pressure, the residue is treated with
methanohdiethylether and dried under high vacuum to
give the product as a violet solid. COMPOUND 11
5,15-bis-[3 -(3 -Bromo-propyloxy)-phenyl] -porphyrin
To a stirred solution of dipvrrolemethaiie (1.22 g,
8.2 mmol) and 3-(3- bromo-propyloxy)- benzaldehyde
(2.06 g, 8.2 mmol) in degassed dichloromethane (2 L),
TFA (0.14 mL, 3 mmol) is added dropwise. The solution
is stirred at room-temperature in the dark for 17 h
under argon. After addition of DDQ (5.4 g, 0.024 mol),
the mixture is stirred at room temperature for a
further Ih. After removal of solvents under reduced
pressure, the residue obtained is dissolved in
dichloromethane (5 mL) and passed through a column
(300 g) of silica (Fluka 60) using dichloromethane as
eluent to give raw product which is treated with
dichloromethane:methanol to yield pure material as a
violet solid.dH (300Mz, CDCl3) : -3.20 (2 H, s), 2.40
(quint, 3J 7.5 Hz, 4 H).. 3.65 (t, 3J 7.5 Hz, 4 H),
4.25 (t, 3J 7.5 Hz, 4 H), 7.20-7.25, 7.60-7.65,
7.75-7.80 (3 x m, 8 H), 9.05, 9.25,(2 x d, 1/4.2 Hz, 8
H)5 10.25 (s, 2 H). COMPOUND 12 5,1
5-bis-[3-(3-Trimethylammonio-propylox3')
phenyl]-porphyrin dichloride A solution of Compound 11
(400 mg, 0.543 iranol) in DMF (50 mL) is transferred
into a 100 mL autoclave. After addition of
trimethylamine (6.3 g), the mixture is stirred at 5O0C
for 8 h. After evaporation of the solvent under
reduced pressure, the residue obtained is dissolved in
methanol (5 mL) and the solution is filtered through a
pad of silica gel (depth 2 cm) supported on a steel
frit (diameter 3.5 cm). After washing the pad with
methanol (ca.lL), elution with acetic acid:methanol:
water (3:2:1, by vol.) affords fractions which, after
evaporation of the solvent under reduced pressure,
gives a solid residue. This is dissolved in methanol
(5 mL) and purified by chromatography on a column (2.5
x 40 cm) of Sephadex LH-20 eluting with n-butanol:
water: acetic acid (4:5:1, by vol., upper phase). Two
fractions are eluted from the column, the first of
which is the desired product. After removal of the
solvent under reduced pressure, the residue obtained
is dissolved in methanol (5 mL). The solution is
passed through a short column (3.5 x 20 cm) of anion
exchange resin (Amberlite IRA 400, chloride form), the
solvent is removed under reduced pressure and the raw
product is treated withmethanol :diethylether to give
a violet solid which is dried under high vacuum.
1H-NMR: 5 SH (300MZ, CD3OD): 2.30-2.35 (m, 4 H)5 3.15
(s, 18 H), 3.95-4.05 (m, 4 H), 4.20-4.25 (m, 4 H),
7.40-7.45, 7.65-7.70, 7.80-7.85 (3 x m, 8 H),
9.00-9.05, 9.40-9.45,(2 x m, 8 H), 10.40 (m, 2 H).
COMPOUND 13 ]o 5,1 5-bis-(4-Hydroxy-phenyl)-
10,20-bis-(4-undecyloxy-phenyl)-porphyrin The third
fraction eluted from the column during the
chromatographic 5 separation described for the
synthesis of Compound 2 is characterised as
5,15-bis-(4-hydroxy-phenyl)-
10,20-bis-(4-undecyloxy-phenyl)-porphyrin 1H-NMR: dH
(300MHz, CDCl3) : -2.88 (2 H s), 0.85 (t, 3J 7.5 Hz, 6
H), 1.20-1.40 0 (m, 28 H), 1.55 (br m, 4 H), 1.80
(quint, 3J 7.5 Hz, 4 H), 4.15 (t, 3J 7.5 Hz, 4 H),
6.65, 7.15 (d, 3J 8.1 Hz, 8 H), 7.80, 8.00 (d, 3J 8.1
Hz , 8 H), 8.75-8.80 (m, 8 H). rnmy-Regioisomer
geometry is assigned by 1H-1 C^D-NMR in d-acetic acid.
5COMPOUND 14 5, 10-bis-(4-Hydroxy-phenyl)-
15,20-bis-(4-undecyloxy-phenyl)-porphyrin The fourth
fraction eluted from the column during the
chromatographic separation described for the synthesis
of Compound 2 is characterised as 5,
10-bis-(4-hydroxyphenyl)-
15,20-bis-(4-undecyloxy-phenyl)-porphyrin 1H-NMR: dH
(300MHz, CDCl3) : -2.80 (2 H, s), 0.90 (t, 3J 7.5 Hz,
6 H)5 1.20-1.60 (m, 28 H) 1.65 (quint, 3J 7.5 Hz, 4
H), 2.00 (quint, 3J 7.5 Hz5 4 H), 4.22 (t, 3J7.5 Hz5 4
H), 7.15 (d, 3J 8.1 Hz5 4 H), 7.25 (d 3J 8.2 Hz5 4 H)5
8.10 (d, 3J 8.2 Hz54 H ), 8.15 (d, 3J 8.2 Hz, 4 H),
8.80-8.90 (m, 8 H). czs-Regioisomer geometry is
assigned by 1H- C-2D-NMR in d-acetic acid.COMPOUND 15
5,10,15-tris-[4-(3-Bromo-propyloxy}-phenyl]-20-(4-unde
cyloxy- rhenyl)- porphyrin Under an argon atmosphere,
Compound 2 (200 mg, 0.24 mmol) is dissolved in
absolute DMF (40 mL) in the presence Of K2CO3 ( 500
mg) and 1,3-dibromopropane (1.02 mL, 10 mmol). The
mixture is heated overnight at 800C. Work-up is as the
procedure given for Compound 2 described above. The
product is purified by column chromatography on silica
gel (Merck 60) eluting with hexane:ethyl acetate (5:1,
by vol.). 1H-NMR: dH (300MHz, CDCl3) : -2.75 (2 H, s),
0.85 (t, 3J 7.5 Hz, 3 H), 1.20-1.45 (m, 14 H), 1.50
(quint, 3J 7.5 Hz, 2 H), 1.90 (quint, 3 7.5 Hz, 2 H),
2.40 (quint, 3J 7.4 Hz 6 H), 3.65 (t, 3J 7.4 Hz, 6 H),
4.16 (t, 3J 7.5 Hz, 2 H)5 4.25 (t, 3J 7.5 Hz, 6 H)5
7.18-7.20 (m, 8 H), 8.00-8.05 (m, 8 H) 8.75-8.85 (m, 8
H).COMPQLTND 16 5,10,15-tris- [4-(3
-Triethylammonio-propy 1oxy)-pheny1] -20-(4-
undecyloxy-phenyl )-porphyrin trichloride Compound 15
(200 mg, 0.17 rrunol) is dissolved in absolute DMP (40
mL) with triethylamine (5 mL, 34.5 mmol, 208 eq.). The
mixture is heated to 500C for 48 h . After removal of
DMF under vacuum, the residue obtained is dissolved in
methanol and purified by column chromatography using
silica gel (Merck, 60) eluting with
methanol:water:acetic acid (2:1:3, by vol.) and then
acetic acid:pyridine (1:1, by vol.). Removal of
solvent from appropriate fractions under vacuum
affords raw product which is dissolved in methanol
.-aqueous NaCl (IM) (5 mL. 1:1, by vol.). The mixture
is stirred for 30 mins and filtered through a pad of
silica gel (depth 2 cm) supported on a steel frit
(diameter 3.5 cm). After washing the pad with methanol
(200 mL) it is eluted with methanol:water: acetic acid
(2:1:3, by vol.). After evaporation of solvent from
appropriate combined fractions, the residue obtained
is dissolved in methanol (2mL) and dichloromethane (5
mL) is added dropwise. The precipitated white gel is
collected by filtration and the solvent is removed
under high vacuum.1H-NMR: dH (300MHz, CD3OD): 0.90 (t,
3J 7.5 Hz. 3 H), 1.20-1.45 (m, 43H), 1.45- 1.65 (bs 2
H), 2.25-2.40 (bs. 6 H) 3.35-3.45 (bs. 24 H) 3.50-3.60
(bs, , 6 



H), 4.25 (t, 3 7.5 Hz, 2 H), 4.40-4.45 (bs, 6 H).
7.25-7.40, 8.10-8.20 (m, 16 H)5 8.80-9.10 (bs, 8 H).
COMPOUND 17 5-[4-(3 -Hydroxy-phenyl)]
-15-(3-undecyloxy-phenyl)-porphyrin
5-15-bis-(3-Hydroxy-phenyl)-porphyrin (Wiehe, A.,
Simonenko, E. J., Senge, M. O. and Roeder, B. Journal
of Porphyrins and Phthalocyanines 5, 758-761 (2001))
(86 mg, 0.17 mmol) is dissolved and K2CO3 (250 mg, 7.1
mmol) is suspended in DMF (40 mL). To the
vigorously-stirred mixture a solution of
1-bromoundecane (0.04 mL, 0.17 mmol) in DMF (5 mL) is
added dropwise at 50 0C during 30 mins and the mixture
is heated at that temperature for 1 h . After removal
by filtration OfK2CO3, DMF is removed under high
vacuum. The residue obtained is purified by column
chromatography using silica gel (Merck 60) eluting
with n-hexane: ethyl acetate (10:1, by vol.). The 2nd
fraction is collected and dried under high vacuum to
give the product.1H-NMR: dH (300Mz. CDCl3) : -3.15 (2
H, s), 0.75 (t. 3 7.5 Hz. 3 H). 1.10-1.30 (m, 14 H),
1.35 (m, 2 H), 1.80 (quint, 3J 7.5 Hz, 2 H), 4.05 (t,
3J 7.5 Hz, 2 H), 6.85-6.90, 7.20-7.25, 7.35-7.45,
7.50-7.65, 7.75-7.80 (5 x m, 8 H), 8.85, 8.95, 9.10,
9.20 (4 x d, 3/4.9 Hz, 4 x 2 H), 10.15 (s, 2 H).
COMPOUND 18 5,10, 15-tris-(3-Hydroxy-phenyl)-20-(3
-dodecyloxy-phenyl)-porphyrin 3-Hydroxybenzaldehyde
(1.8 g, 14.8 mraol, 3 eqv.) and 3-
dodecyloxybenzaldehyde (1.35 g, 4.9 mmol, 1 eqv.) are
dissolved in a mixture of acetic acid (145 mL) and
nitrobenzene (98 mL, 960 mmol) and heated to 1200C.
Pyrrole (1.35 mL, 19.6 mmol, 4 eqv.) is added in one
portion and the mixture is stirred at 12O0C for Ih.
After cooling to room temperature, solvents are
removed in vacuo at 5O0C. The product is isolated by
chromatography on a column (500 g) of silica using
toluene as eluent. The desired product is obtained as
the fifth fraction from the column and is
re-chromatographed using a smaller (200 g) silica
coulmn eluted with toluene. The product is obtained as
a violet solid after evaporation of the solvent.
1H-NMR: dH (300 MHz, CDCl3) : 0.64 (t, 3 H, 3J 6.8
Hz), 0.94-1.15 (m, 16 H), 1.25 (bs, 2 H), 1.62 (bs, 2
H), 3.90 (bs, 2 H), 6.33-6.95 (m, 8 H)5 7.08-7.60 (m,
8 H), 8.20-8.47 (m, 4 H), 8.51-8.70 (m, 4 H)COMPOUND
19 5-{3-[bis-(2-Diethylamino-ethyl)-aminopro
ryloxy]-phenyl] -15-(3- undecyloxy-phenyl }-porphyrin
Compound 17 (50 mg, 0.065 mmol) is dissolved with N N
- ST ,N'- tetraethyldiethylenetriamine (ImL, 39 mmol)
in THF(IO mL) and the mixture is stirred at room
temperature for 4 days. After evaporation of the
solvent, the residue is dissolved in diethyl ether
(2OmL) and the solution is washed with water (5 x 30
mL). The organic phase is dried (Na2SO4) and
concentrated under high vacuum. The mixture is
purified by column chromatography (silica gel, Merck
60) eluting with nhexane: ethyl acetate (5:1, by vol.)
followed by n-hexane: ethyl acetate :triethyl amine
(10:10:1, by vol.). After collection of appropriate
fractions and removal of solvent under reduced
pressure, pure product is obtained b3 treatment of the
residue with diethyl ether methanol. 1H-NMR: dH
(300Mz, CDCl3) : 0.80 (t, 3J 7.5 Hz, 3 H), 0.9 (t, 3J
7.5 Hz5 12 H)5 1.20-1.40 (m, 14 H), 1.45 (quint, V7.5
Hz, 2 H),1.80 (quint, 3 7.5 Hz 2 H)5 1.95 (quint, 3J
7.5 Hz 2 H),2.40-2.60 (m, 16 H)5 2.65 (t, 3 7.5 Hz5 2
H)5 4.10 (t, 3J 7.5 Hz, 2 H)5 4.20 (t, 3/7.5 Hz5 2 H),
7.30-7.40, 7.55-7.65, 7.75-7.80 (3 x m5 8 H)5
9.10-9.15, 9.20-9.25 (2 x m, 2 x 4 H)5 10.15 (s, 2
H).COMPOUND 2 0 5-[4-(3-Bromo-propyloxyj-
rhenyl]-15-(4-dodecyloxy-phenyl)-porphyrin T o a
stirred solution o f dipyrrolemethane (0.31 g , 2.1
mmol), 4-(3-bromoproyloxy)- benzaldehyde (0.27 g , 1.1
mmol) and 4-dodecyloxybenzaldehyde (0.32 g , 1.1 mmol)
in degassed dichloromethane (500 mL). TFA (0.035 mL,
1.5 mmol) is added dropwise. The solution i s stirred
at room temperature in the dark for 17 h under argon.
After addition of DDQ (1.38 g , 6 mmol), the mixture i
s stirred at room temperature for a further hour.
Purification by column chromatography using silica gel
(Merck 60, 400 g) with toluene a s eluent affords the
product (2 nd fraction) together with Compound 7 (3rd
fraction). 1H-NMR: dH (300Mz, CDCl 3) : -3.15 (2 H ,
s), 0.90 (t, 3 7.5 H z 5 3 H), 1.20-1.40 (m, 16 H),
1.55 (quint, 3J 7.5 Hz, 2 H ) 1.90 (quint, 3J 7.5 Hz,
2 H), 2.40 (quint, 3J 7.5Hz 5 2H) 5 3.75 (t, 3J 7.5 H
z 5 2 H ) 5 4.20 (t 5 3J 7.5 H z 5 2 H), 44..3355
((tt,, 3J 77..55 HHzz5 , 2 HH))5 ,
77..2200--77..3300,, 88..1100--8.15 (2 x m , 8 H),
9.10-9.15, 9.25-9.30 (2 x 111, 2 x 4 H), 10.20 (s, 2
H). COMPOUND 2 1 5,10, 15,20-tetrakis-(3 -Hy
droxy-phenyl)-porphyrin 3-Hydroxybenzaldehyde (0.910 g
, 7.45 mmol) is dissolved in propionic acid (50 mL)
and heated to 14O0C . Pyrrole (0.52 mL, 7.45 mmol) i s
added in one portion and the mixture heated at reflux
for 2h. Stirring i scontinued for an additional 12 h
at room temperature. Propionic acid is removed in
vacuo and the residue dissolved in acetone and
purified by chromatography on a column (250 g) of
silica which is eluted with toluene containing a
continuously increasing proportion of ethyl acetate.
The product is eluted with toluene: ethyl acetate (6:1
by vol.). Solvent is removed in vacuo to afford the
product as a violet solid. 1H-NMR: dH (300 MHz,
d6-acetone): 7.18 (d, 4H, 3J = 8.25 Hz)5 7.49 (t, 4H,
3J = 8.25 Hz), 7.56-7 62 (m, 8H)5 8.81 (m, 8 H)
COMPOUND 22 5,10,1
5-tris-[4-(3-Bromo-propyloxy)-phenyl]-20-(4-dodecyloxy
-phenyl)- porphyrin To a stirred solution of pyrrole
(0.7 ml, 10 mmol), 4-(3-bromoproyloxy)~ benzaldehyde
(1.8 g, 7.5 mmol) and 4-(n-dodecyloxy)-benzaldehyde
(0.725 g, 2.5 mmol) in degassed dichloromethane ( 1 L)
is added TFA (0.085 ml, 10 mmol) dropwise. The
reaction solution is stirred under argon at room
temperature in the dark for 17 h. After addition of
DDQ (6.9 g, 30 mmol), the reaction mixture is stirred
at room temperature for a further. Ih. The solvents
are removed under reduced pressure and the residue
re-dissolved in toluene. Chromatographic purification
on acolumn (3.5 x 30 cm ) of silica gel (Merck 60)
using toluene :n-hexane (1:4 by vol.) as eluent gives
crude product which is purified by treatment with
methanoLdichloromethane, giving a violet solid.
1H-NMR-: dH (300MHz CDCl3) : 0.90 (t, 3J 7.5 Hz5 3 H),
1.20-1.45 (m, 16 H), 1.60 (quint, 3 7.5 Hz, 2 H)5 1.90
(quint, 3J 7.5 Hz, 2 H), 2.50 (quint, 3J 7.4 Hz, 6 H)5
3.75 (t, 3J 7.4 Hz5 6 H)54.20 (t, 3J 7.5 Hz5 2 H),
4.35 (t, 3 7.5 Hz5 6 H), 7.25-7.30 (m5 8 H)5 8.15-8.30
(m, 8 H) 8.80-8.85 (m, 8 H). COMPOUND 23
5-{4-[3-Dimethyl-(3 -dimethy
laminopropyi)~ammoniopropyloxyjphenyl
}-15-(4-dodecyloxy-phenyl)-porphyrin chloride Compound
20 (30 mg, 0.038 mmol) is dissolved with N,N5N',N'-
tetramethyl-l,3-propanediamine (156 mg, 1.2 mmol) in
THF:DMF(1:1 by vol., 20 mL) and stirred at 50 0C for
18 h . After evaporation of the solvent under reduced
pressure, the residue is dissolved in dichloromethane
and purified by column chromatography (silica gel
Merck 60) eluting with acetic acid:methanol: water
(3:2:1, by vol.). After combining appropriate
fractions and removal of solvent under reduced
pressure, the residue is treatment with
dichloromethane :hexane to afford the product as a
violet solid.1H-NMR: dH (300Mz CDCl3+! % acetic acid )
: 0.85 (m, 3 H), 1.20-1.40 (m, 18 H), 1.55-1.60 (m. 2
H), 1.60-1.65 (m, 4H), 2.10-2.20 (bs, 8 H). 3.15-3.25
(m, 8 H), 3.75 (bs, 2 H), 4.20 (bs, 2 H), 4.35 (bs, 2
H), 7.15-7.20, 8.10-8.15 (2 x m 8 H), 8.95-9.00,
9.10-9.15, 9.25-9.30 (3 x bs, 8 H), 10.20 (s, 2H).
COMPOUND 24 5,15-bis-(3-Methoxy-phenyl)-
10-undecyl-porphyrin Into a 50 mL flask containing
lithium (500 mg, 7 1 mmol) is added freshly distilled
diethyl ether (15 mL) under an argon atmosphere. The
suspension is refluxed for 1 hour, cooled to 15 0C and
treated with a solution of n-undecylbromide (6.58 g5 7
1 mmol) in ether (6 mL) added dropwise via syringe.
The mixture is cooled to 7-10 0C and, after 5 min,
when the suspension becomes slightly cloudy and bright
spots appear on the lithium metal, the remainder of
the n-undecylbromide solution is added at an even rate
over a period of 30 min while the internal temperature
is maintained at below 10 0C. Upon completion of
addition, the mixture is stirred further for 1 h at 10
0C. The suspension is filtered under argon to remove
excess lithium and lithium bromide.
5,15-bis-(3-Methoxy-rhenyl)-rorphyrin (100 mg, 0.19
mmol) is dissolved in anhydrous THF (30 mL) at -50 0C
under an argon atmosphere. The organolithium reagent
described above (5 mL) is added dropwise to the
mixture. After 5 min the cooling bath is removed and
the mixture is warmed to room temperature. After
stirring at roomtemperature for 15 min the reaction is
quenched bl slow addition of water (2 rriL). After 15
min the mixture is oxidized by the addition of DDQ (4
ITLL. 0.4 mmol, 0.1 M in THF) and stirred for a
further 15 min. The mixture is filtered through
alumina (neutral, Brockman grade +) and purified by
column chromatography on silica gel eluting with
hexane:dichloromethane (4:1 by vol.). The first
fraction is collected and treated with methanol
:dichloromethane to give a solid product. 1H-NMR: dH
(300Mz 5 CDCl 3) : -3.05 (bs, 2 H5 s), 0.80 (t, 3J 7.5
Hz5 3 H)5 1.10-1.20 (m, 12 H)5 1.25 (m, 2 H)5 1.70
(quint, 3J 7.5 Hz, 2 H), 2.40 (quint, 3J 7.5 Hz, 2 H),
3.85 (s, 6H) 5 4.95 (t, 3J 7.5 Hz, 2 H), 7.20-7.23,
7.50-7.60, 7.65- 7.75 (3x m, 8 H), 8.85-8.90,
9.10-9.15, 9.35-9.40 (3 x m, 8 H)5 9.95 (s, IH).
COMPOUND 25
3-[({3-[(3-{4-[15-(4-Dodecyloxy-phenyl)-porphyrin-5-yl
]-phenoxy}-
propyl)-dimethyl-ammonio]-propyl}-dimethyl-ammonio)-pi
Opyl]- trimethyl- ammonium trichloride Compound 23 (20
mg, 0.022 mmol) and (l-bromopropyl)-trimethylammonium
bromide (26 mg, 0.1 mmol) are dissolved in DMF(1 5 ml)
and stirred overnight at 5O0C. After evaporation of
the solvent under reduced 



pressure, the residue is dissolved in methanol (5 ml)
and applied to a pad (3 cm deep) of silica gel which
is washed with methanol (500 ml)followed by acetic
acid:methanol:water (3:2:1 by vol.). After evaporation
of the solvent the residue is purified by column
chromatography (silica gel Merck 60) using at first
acetic acid:methanol:water (3:2:1 by vol.) and then
pyridine:acetic acid (1:1 by vol.). The second
fraction eluted is collected and dried under vacuum.
The residue is dissolved in methanol (2 ml) and
purified by chromatography on a column (2.5 x 40 cm)
of Sephadex LH-20 which is eluted with n-butanol:
acetic acid:water (5:1:4 by vol., upper phase). After
removal of solvent under reduced pressure, the residue
is dried under vacuum at 80 0C. NMR spectroscopy
indicates the product is contaminated with a small
proportion of elimination products. COMPOUND 26
5J0,15-tris-[4-(3-Diemylamino-propyloxy)-phenyl]-20-(4
-dodecyloxyphenyl)- porphyrin Compound 22 (50 mg, 0.06
mmol) and freshly distilled diethylamine (5 ml) are
dissolved in absolute DMF (30 ml) under argon. The
reaction mixture is stirred at room temperature for 20
h and poured into ethyl acetate (50 ml). The mixture
is washed with water (4 x 50 ml) and, after drying the
combined organic phases (Na2SO4), evaporation of
solvent affords a residue which is purified by
chromatography on a column (2.5 x 30 cm) of silica
(Merck 60) which is eluted with ethyl acetate:nhexane:
triethyl amine (10: 10: 1, by vol.). Fractions are
combined asappropriate, the solvent evaporated under
reduced pressure and the residue dried under high
vacuum. Treatment with dichloromethane :nhexane
affords pure product. 1H-NMR: dH (300MHz, CDCl3) :
0.85 (t, 3J 7.5 Hz, 3 H), 1.05 (m, 18 H), 1.20-1.45
(m, 18 H), 1.55 (quint, 3J 7.5 Hz, 2 H), 2.15 (quint,
3J 7.5 Hz, 6 H), 2.75 (quint, , 3J 7.4 Hz, 6 H),
3.15-3.25 (m, 12 H), 4.15 (t, 3J 7.5 Hz, 2 H) 4.25 (t,
1/7.5 Hz, 6 H), 7.15-7.20 (m, 8 H) 8.00-8.05 (m, 8 H)5
7.95-8.05 (m, 8 H). COMPOlMD 27 5,15-bis-(3
-Hydroxy-phenyl)- 10-undecyl-porphyrin To a solution
of Compound 24 (95 mg, 0.14 mmol) in anhydrous
dichloromethane (80 mL) under an argon atmosphere BBr
, (6 mL, IM in dichloromethane) is added dropwise at
-70 0C and the mixture is stirred for 1 h. The mixture
is warmed to room temperature and stirred overnight
then cooled to -10 0C and hydrolysed by addition of 2
mL water during 1 h. NaHCO3 (3 g) is added directly to
neutralisation. The mixture is stirred for a further
12 h. After removal of NaHCO 3 by filtration and of
dichoromethane under vacuum, the residue obtained is
purified by column chromatography using silica gel
eluting with dichloromethane. After removal of solvent
from appropriate combined fractions and drying under
high vacuum the product is obtained as a violet
solid.1H-NMR: dH (300Mz. CDCl3) : -3.05 (bs, 2 H, s),
0.85 (t, 3J 7.5 Hz, 3 H), 1.20-1.40 (m, 12 H), 1.50
(m, 2 H), 1.80 (quint, 3J 7.5 Hz, 2 H), 2.55 (quint,
3J 7.5 Hz, 2 H)5 5.00 (t, 3J 7.5 Hz, 2 H), 7.15-7.25,
7.50-7.60, 7.80-7.90 (3x m, 8 H), 8.95-9.00,
9.20-9.25, 9.50-9.60 (3 x m, 8 H), 10.15 (s, IH).
COMPOUND 28
5,15-bis-[3-(3-Trimethylammmonio-propylox)0-ph.enyl]-1
0-undecylporphyrin dichloride To a solution of
Compound 27 (50 mg, 0.08 mmol) in DMF (20 mL) under an
argon atmosphere K2CO3 (100 mg, 0.72 mmol) and (3-
bromopiOpyl)-trimethylammonium bromide (300 mg, 1.2
mmol) are added and the mixture is stirred at 500C for
18 h . After removal of solvent under high vacuum the
residue obtained is dissolved in methanol (5 mL) and
filtered through a pad of silica gel (depth 2 cm)
supported on a steel frit (diameter 3.5 cm). After
washing the pad with methanol (500 mL) it is eluted
with acetic acid:methanol:water (3:2:1, v:v). After
drying of appropriate combined fractions under high
vacuum the residue is dissolved in methanol and
purified by column chromatography on Sephadex LH-20
eluting with n-butanol: acetic acid:water (5:1:4, by
vol., upper phase). After evaporation of solvent the
residue obtained from the first fraction eluted is
dissolved in methanol and passed through a shortcolumn
of anion exchange resin (Amberlite IRA 400. chloride
form) to give, after evaporation of solvent the pure
product. 1H-NMR: dH (300Mz, CD3OD): 0.85 (t, 3 7.5 Hz,
3 H), 1.20-1.40 (m, 12 H), 1.50 (m, 2 H), 1.80 (m, 2
H), 2.40 (bs, 4 H), 2.55 (m, 2 H), 3.20 (bs, 18 H),
3.65 (bs, 4 H), 4.35 (bs, 4 H), 5.10 (m, 2 H),
7.50-7.55, 7.70-7.85 (2 x m, 8 H), 8.95-9.00,
9.25-9.24, 9.50-9.70 (3 x bs, 8 H), 10.15 (bs5 IH).
COMPOUKD 29
5J0-bis-[4-(3-Trimethylammonio-propyloxy)-phenyl]-15,2
0-bis-(4- undecyloxy-phenyl)-porphyrin dichloride
Compound 14 (50 mg, 0.05 mmol) is dissolved and K2CO3
(150 mg, 1.1 mmol) is suspended in DMF (30 mL). To the
vigorously- stirred mixture a solution of
(l-bromopropyl)-trimethylammonium bromide (0.3 g, 16.6
mmol) in DMF (10 mL) is added dropwise at 500C and the
mixture is heated for 18 h. After removal of DMF under
high vacuum, the residue obtained is dissolved in
methanol (5 mL) and filtered through a pad of silica
gel (depth 2 cm) supported on a steel frit (diameter
3.5 cm). After washing the pad with methanol (ca. 500
mL) it is eluted with acetic acid:methanol:water
(3:2:1, by vol.). After evaporation of solvent from
appropriate combined fractions the residue obtained is
purified by chromatography on a column (2.5 x 40 cm)
of Sephadex LH-20 elutingwith n-butanol:water:acetic
acid (5:4:1, by vol.. upper phase) for further
separation from the excess ammonium salt and other
by-products. After removal of solvent under reduced
pressure the residue obtained is dissolved in methanol
and passed through a short column (3.5 x 20 cm) of
anion exchange resin (Amberlite IRA 400, chloride
form). After evaporation of solvent under reduced
pressure, the product is dried under high vacuum.
1H-NMR: dH (300MHz, CD3OD): 0.80 (t, 3J 7.5 Hz, 6 H),
1.15-1.35 (m, 28 H), 1.35-1.45 (bs, 4 H), 1.70-1.80
(bs, 4 H), 2.30-2.40 (bs, 4 H), 3.15-3.30 (bs, 18 H),
3.65-3.75 (bs5 4 H), 4.00-4.05 (m, 4 H), 4.30-4.40
(bs, 4 H), 7.00-7.15, 7.20-7.30, 7.80-95, 7.95-8.15 (4
x m, 4 x 4 H), 8.60-9.00 (bs, 8 H). COMPOUND 30
5,10,15-tris-(3-Hydroxy-phenyl)-20-(3-undecyloxy-pheny
l)-porphyrin Pyrrole (1.3 1 g, 19.6 mtnol) is added in
one portion to a mixture of 3- hydroxybenzaldehyde
(1.8 g, 14.8 mmol) and 3-undecyloxybenzaldehyde (1.36
g, 4.9 mmol) in acetic acid (145 mL) and nitrobenzene
(118 g, 960 mmol) preheated to 13O0C and the mixture
is stirred for 1 hour at 1200C. The mixture is cooled
and solvent removed under high vacuum. The residue is
dissolved in dichloromethane (5 mL) and purified by
columnchromatography using silica gel (Merck 60)
eluting with hexane:toluene (4:1, by vol.)- The
product is obtained after removal of solvent from the
eluate under reduced pressure and drying the obtained
residue under vacuum. 1H-NMR: dH (300Mz, CDCl3) :
0.75-0.80 (m, 3 H), 1.05-1.35 (m, 14 H) 1.40-1.50 (m,
2 H) 1.75-1.85 (m, 2 H), 3.90-4.10 (m,2 H)5 6.90- 7.70
(m, 16 H), 8.45-8.80 (m, 8 H). COMPOUND 31
5-{4-[3-Dimethyl-(3-trimethylarrutionio-propyl)-arnmon
io-prop34oxy]- phenyl}-!
5-(4-dodecyloxy-phenyl)-porphyrin dichloride Compound
23 (50 mg, 0.055 mrnol) is dissolved with methyl
iodide (5 mL, 80 mrnol) in absolute DMF(30 mL) and the
mixture is stirred at 4 O0C for 3h. After evaporation
of solvent the residue obtained is dissolved in
methanol (5 mL) and filtered through a pad of silica
gel (depth 2 cm) supported on a steel frit (diameter
3.5 cm). After washing the pad with methanol (ca. 1 L)
it is eluted with dichloromethane methanol (2:3 by
vol., 500 mL) and then acetic acid:water:methanol
(3:1:2, by vol.). After removal of solvent from
appropriate pooled fractions the residue obtained is
dissolved in acetic acid and purified by column
chromatography on Sephadex LH-20 eluting with acetic
acid. After evaporation of solvent from appropriate
pooled fractions and drying the residue obtained under
high vacuum, the residue is dissolved in methanol and
passed through asmall column (3.5 x 20 cm) of anion
exchange resin (Amberlite IRA 400, chloride form).
After evaporation of solvent from the eluate, the
product is dried under high vacuum. COMPOUND 32
5-[4-(3-Dimethyldec3
ammoniopropyloxy)-phenyl]-15-{4-[3-dimethyl-
(3-dimethylaminopropyl)-ammoniopropyloxy]-phenyl}-porp
hyrin dichloride Compound 23 (50 mg, 0.068 mmol) is
dissolved with N,N,N',N'-
tetramethyl-l,3-propanediamine (354 mg, 1.36 mmol) and
N5Ndimethyldecylamine ( 1 g, 2.72 mmol) in DMF:THF(30
mL, 1:1, by vol.) and the mixture is stirred at 5O0C
overnight. After evaporation of the solvent under
reduced pressure the residue obtained is dissolved in
methanol (10 mL) and filtered through a pad of silica
gel (depth 2 cm) supported on a steel frit (diameter
3.5 cm). After washing the pad with methanol (ca. 500
mL) it is eluted with acetic acid:methanol:water
(3:2:1, by vol.). The first two fractions eluted are
combined and after evaporation of the solvent under
reduced pressure the residue obtained is dissolved in
methanol and purified by chromatography on a column
(2.5 x 40 cm) of Sephadex LH-20 eluting with
n-butanol: water: acetic acid (4:5:1, by vol.). After
removal of solvent under reduced pressure from the
second fraction eluted, the residue is dissolved in
methanol (5 mL)and passed through a short column (3.5
x 20 cm) of anion exchange resin (Amberlite IRA 400,
chloride form). The eluate is evaporated to dryness
and the residue obtained is dried under high vacuum to
afford the product. 1H-NMR: dH (300MHz, CD3OD): 0.80
(m, 3 H), 1.05-1.25 (m, 10 H), 1.25-1.40 (bs, 2 H),
1.80-1.90 (bs, 4 H)5 2.15-2.30 (bs, 2 H), 2.80-3.60
(m, 20 H), 3.80- 3.95 (bs, 4 H), 7.05-7.15, 7.85-8.00
(2 x m, 2 x 4 H), 8.75-8.90, 9.20-9.35 (2 x bs, 2 x 4
H), 10.15 (bs, 2 H). COMPOUND 33
5,10,15-tris[3-(3-Trimethyl-ammoniopropyloxy)-phenyl]-
20-(3- undecyloxy-phenyl)-po f hyrin trichloride
Compound 30 (100 mg, 0.12 mmol) is dissolved and K2CO3
(230 mg, 1.7 



mmol) is suspended in DMF (30 mL). To the vigorously-
stirred mixture a solution of
(l-bromopropyl)-trimethylammonium bromide (0.3 g, 16.6
mmol) in DMF (10 mL) is added dropwise at 500C during
30 mins and the mixture is heated for 18 h. After
removal of DMF under reduced pressure, the residue
obtained is dissolved in methanol (5 mL) and filtered
through a pad of silica gel (depth 2 cm) supported on
a steel frit (diameter 3.5 cm). After washing the pad
with methanol (ca. 500 mL) it is eluted with acetic
acid:methanol:water (3:2:1, by vol.). Afterevaporation
of solvent from appropriate combined fractions under
reduced pressure the residue is purified by
chromatography on a column (2.5 x 40 cm) of Sephadex
LH-20 eluting with n-butanol:water:acetic acid (5:4:1,
by vol., upper phase). After removal of solvent under
reduced pressure from the eluate, the residue obtained
is dissolved in methanol and the solution is passed
through a short column (3.5 x 20 cm) of anion exchange
resin (Amberlite IRA 400, chloride form). Evaporation
of solvent from the eluate gives the product which is
dried under high vacuum. 1H-NMR: dH (300MHz, CD3OD):
0.75-0.80 (m, 3 H), 1.00-1.40 (m, 18 H), 1.60- 1.80
(bs5 2 H)5 2.25-2.40 (bs, 6 H)5 3.29 (bs, 27 H)5
3.40-3.60 (m5 6 H)5 3.90-4.00 (m, 2 H)5 4.05-4.25 (m,
6 H)5 7.10-7.20, 7.25-7.40, 7.60-7.80, 7.80-7.90 (4 x
m5 16H)5 8.70-9.00 (bs, 8 H). COMPOUND 34 5,15-bis-(3
-Hydroxy-pheriyl)-porphyrin This is prepared as
described by Wiehe, A., Simonenko, E. J., Senge, M. O.
and Roeder, B. Journal of Porphyrins and
Phthalocyanines 5, 758-761 (2001).COMPOUND 35 5,10,
15-tris-(4-Hydroxy-phen3d)-20-(4-tetradecyloxy-phenyl)
- rof hyrin
5,10,15,20-tetrakis-(4-Hydroxy-phenyl)-porphyrin (170
mg, 0.25 mmol) is dissolved and K2CO3 (0.65 g, mmol)
is suspended in DMF (30 mL). To the vigorously stirred
reaction mixture a solution of 1- bromotetradecane
(0.1 mL, 0.45 mmol) in DMF (10 mL) is added dropwise
at 5O0C during 30 mins and the mixture is heated for
1.5h. After evaporation of solvent, the residue is
dissolved in toluene rethanol ( 1:1 by vol., ca. 5 mL)
and purified by chromatography using a column (5 x 25
cm) of silica gel (Merck 60) which is washed with
toluene. After the elution of the first 3 fractions,
elution is continued using toluene: ethyl acetate (2:1
by vol.). The fifth compound eluted is collected, the
solvent evaporated and the residue dried under high
vacuum to afford product as a violet solid. 1H-NMR: dH
(300MHz, d6-acetone): 0.85 (t, 3J 7.5 Hz, 3 H),
1.15-1.55 (m, 20 H)5 1.45 (quint, 3J 7.5 Hz, 2 H),
1.75 (quint, 3J 7.5 Hz, 2 H), 4.10 (t, 3J 7.5 Hz, 2
H), 7.20 (d, J 8.5 Hz, 2 H), 7.25 (d, 3J 8.5 Hz, 6 H)
8.00-8.15 (m, 8 H), 8.80-9.10 (m, 8 H).COMPOUND 36
5.10,15-tris-[4-(3-Trimethyl-ammoniopropyloxy)-phenyl]
-20-(4- tetradecyloxy-phenyl )-porplryrin trichloride
The n-tetradecyloxy-analogue of Compound 2, prepared
similarly as described above for Compound 2 but using
1-bromotetradecane in place of 1-bromoundecane, (50
mg, 0.057 mmol) and (l-bromopropyl)- trimethylammonium
bromide (210 mg, 0.8 mmol) are dissolved and K2CO3
(230 mg, 1.7 mmol) is suspended in DMF (20 mL). The
vigorously stirred mixture is stirred at this
temperature for 18 h. After removal of DMF under
reduced pressure the residue obtained is dissolved in
methanol (5 mL) and filtered through a pad of silica
gel (depth 2 cm) supported on a steel frit (diameter
3.5 cm). After washing the pad with methanol (ca. 500
mL) it is eluted with acetic acid:methanol .-water
(3:2:1, by vol.). After evaporation of the solvent
from appropriately combined fractions, the residue
obtained is purified by chromatography on a column
(2.5 x 40 cm) of Sephadex LH-20 eluting with
n-butanol:water:acetic acid (4:5:1, by vol., upper
phase) for separation from the excess of ammonium salt
and other contaminating materials. After elution and
removal of the solvent from appropriate fractions, the
residue obtained is dissolved in methanol (5 mL) and
passed through a short column (3.5 x 20 cm) of anion
exchange resin (Amberlite IRA 400, chloride form).
Solvent isremoved under reduced pressure and the
residue obtained is dried under high vacuum to afford
the product as a violet solid. 1H-NMR: dH (300MHz,
CD3OD): 0.75 (t, 3J 7.5 Hz, 3 H), 0.95-1.25 (m, 22 H),
1.50-1.65 (bs, 2 H), 2.20-2.40 (bs, 6 H) 3.05-3.15
(bs, 27 H), 3.45-3.60 (bs, 6 H), 3.60-3.80 (bs, 2 H),
4.05-4.25 (bs, 6 H), 6.80-7.25, 7.65-8.05, (2 x m, 16
H) 8.45-8.95 (bs, 8 H). COMPOUND 37
5-(4-{3-[2,4,6-tris-(Dimethylaminomethyl)-phenyloxy]-p
ropyloxy}- phenyl)-15-(4-dodecyloxy-phenyl)-porphyrin
Compound 20 (50 mg, 0.063 mmol) is dissolved in DMF
(20 mL) in the presence of
2,4,6-tris-(dimethylammomemyl)-phenol ( 1 mL, 3.7
mmol) and stirred at 500C overnight. After evaporation
of the solvent, the residue is solidified by treatment
of the residue with dichloromethane:methanol to remove
the excess of amine. After filtration, the porphyrins
are re-dissolved in dichloromethane and purified by
chromatography on a column of silica gel (Merck 60)
which is washed with dichloromethane. Evaporation of
solvent under reduced pressure and treatment of the
residue with dichloromethanemethanol gives the product
as a violet solid.1H-NlSZtR: dH (300Mz CDCl 3) : -3.15
(2 H, s), 0.85 (t, V4.5 Hz, 3 H), 1.20-1.40 (m, 18 H),
1.55 (quint 3J 4.5 Hz, 2 H), 1.90 (quint, 3J 4.5 Hz, 2
H), 2.20 (s, 18 H)5 2.55 (t, 3J 5.2 Hz, 2 H)5 3.45 (s.
6 H), 4.15 (t, 3J 5.5 Hz5 2 H)5 4.20 (t, 3J 5.5 Hz5 2
H), 4.35 (t, 3J 7.5 Hz, 2 H)5 6.85 (2 x S 2 H),
7.20-7.30, 8.10-8.15 (2 x m, 8 H)5 9.00-9.05,
9.25-9.30 (2 x m, 2 x 4 H), 10.20 (s, 2 H). COMPOUND
38 5,10,
15-tris-(4-Hydroxy-phenyl)-20-(4-decyloxy-phenyl)-porp
hyrin 5,10
515520-tetrakis-(4-Hydroxy-phenyl)-porphyrin (100 mg,
0.15 mmol) is dissolved and K2CO3 (230 mg) is
suspended in DMF (30 mL). To the vigorously stirred
reaction mixture a solution of 1-bromodecane (0.016
mL, 0.1 1 mmol) in DMF (10 mL) is added dropwise at
700C during 30 mins and the mixture is stirred for
1.5h. After evaporation of solvent, the residue is
dissolved in toluene :ethanol (1:1 by vol., ca. 3 mL)
and purified by chromatography on a column (150 g) of
silica gel (Merck 60) using toluene as eluent. After
elution of the first 3 fractions, the column is eluted
with toluene:ethyl acetate (2:1 by vol.) and the 5th
fraction eluted is collected, the solvent removed and
the residue dried under high vacuum to give the
product as a violet solid.1H-NMR: dH (300Mz,
d6-acetone): 0.95 (t, 3J 7.5 Hz, 3 H), 1.25-1.55 (m,
12 H), 1.55 (quint, J 7.5 Hz, 2 H), 1.85 (quint, 3J
7.5 Hz, 2 H), 4.15 (t, 3J 7.5 Hz 2 H), 7.20 (d, 3J 8.5
Hz, 2 H), 7.25 (d, 3J 8.5 Hz, 6 H), 8.00-8.15 (rn, 8
H), 8.80-9.10 (m, 8 H). COMPOUND 39
5,10,15-tris-[4-(3-Trimethylammonio-propyloxy)-phenyl]
-20-(4- decyloxy-phenyl)-rorphyrin trichloride
Compound 38 (50 mg, 0.061 mmol) and (1-bromopropyl)-
trimethylammonium bromide (210 mg, 0.8 mmol) are
dissolved and K2CO3 (230 mg, 1.7 mmol) is suspended in
DMF (20 mL). The vigorously stirred reaction mixture
is heated at 5O0C for 18 h. After evaporation of
solvent, the raw product is dissolved in. methanol and
purified by chromatography on a column (2.5 x 40 cm)
of Sephadex, eluting with n-butanol: water: acetic
acid (4:5:1, by vol., upper phase). After removal of
the solvent, the residue is dissolved in methanol and
passed through a column (3.5 x 20 cm) of Amberlite
IRA-400 (chloride form). After evaporation of solvent,
the product is dried under high vacuum and yields a
violet solid.1H-NMR: dH (300MHz, CD3OD): 0.90 (t, 3J
7.5 Hz, 3 H), 1.20-1.40 (m, 12 H), 1.45-1.60 (bs, 2
H), 1.80-1.90 (bs, 2 H), 2.45-2.55 (bs, 6 H),
3.25-3.35 (bs, 27 H), 3.75-3.85 (bs, , 6 H), 4.05-4.25
(m, 2 H), 4.35-4.40 (bs, 6 H), 7.10-7.40, 7.95-8.15 (2
x m, 16 H), 8.60-9.00 (bs, 8 H). COMPOUND 40 5,10,
15-tris-(4-Hydroxy~phenyl)-20-(4-tridecyloxy-phenyI)-p
o f hyrin
5510,15,20-tetrakis-(4-Hydroxy-phenyl)-porphyrin (400
mg, 0.59 mmol) is dissolved and K2CO3 (1.0 g, 7.1
mmol) is suspended in DMF (75 mL). To the vigorously
stirred reaction mixture a solution of
1-bromotridecane (0.1 mL, 0.45 mmol) in DMF (10 mL) is
added dropwise at 500C during 30 mins and the mixture
is then heated for 1.5h. The reaction mixture is
cooled to room temperature and poured into water (150
mL). The porphyrins are extracted with ethyl acetate
(100 mL) and the extract washed with brine (3 x 50 mL)
and dried (Na2SO4) . After evaporation of solvent, the
residue is dissolved in toluene:ethanol ( 1:1, by
vol., ca. 10 mL) and purified by chromatography using
a column (20Og) of silica gel (Merck 60) with toluene
as the eluent. After the elution of the first three
compounds, the eluent is changed to toluene: ethyl
acetate (2:1, by vol.). The fifth compound eluted is
collected and dried under high vacuum to yield product
as a violet solid.1H-NMR: dH (300Mz, d6-acetone): 0.85
(t, 3J 7.5 Hz, 3 H), 1.20-1 .60 (m, 18 H), 1.50
(quint, 3J 7.5 Hz, 2 H), 1.80 (quint, 3J 7.5 Hz, 2 H),
4.14 (t, 3J 7.5 Hz, 2 H), 7.20 (d, 3J 8.5 Hz. 2 H),
7.25 (d, 3J 8.5 Hz, 6 H), 8.00-8.15 (m, 8 H),
8.80-9.10 (m, 8 H). COMPOUND 4 1
5-(4-Tridec}'loxy-phenyl)-10,15,20-tris-[4-(3-trimethy
lammoniopropyloxy )-pheny1] -porphyrin trichloride
Compound 40 (50 mg, 0.057 mmol) and (1-bromopropyl)-
trimethylammonium bromide (210 mg, 0.8 mmol) are
dissolved and K2CO3 (230 mg, 1.7 mmol) is suspended in
DMF (20 mL). The vigorously stirred reaction mixture
is heated at 5O0C for 18 h . After removal of DMF, the
residue is dissolved in methanol (5mL) and applied to
a pad (2 cm thick) of silica gel which is washed with
methanol (ca. 1000 mL) and then eluted with acetic
acid:methanol:water (3:2:1 by vol.). After evaporation
of the solvent the residue is dissolved in methanol
and further purified by chromatography on a column
(2.5 x 40 cm) of Sephadex LH-20 which is eluted with
n-butanol: water: acetic acid (4:5:1 by vol., upper
phase). After removal of solvent, the residue is
dissolved 



in methanol and passed through a short column (3.5 x
20 cm) of anionexchange resin (Amberlite IRC 400,
chloride form). After evaporation of solvent, the
product is dried under high vacuum to afford a violet
solid. 1H-NMR: dH (300MHz CD3OD): 0.90 (t, 3J 7.5 Hz,
3 H), 1.20-1.40 (m, 18 H), 1.45-1.60 (m, 2 H),
1.80-1.90 (bs, 2 H), 2.40-2.55 (bs, 6 H) 3.25-3.35
(bs, 27 H), 3.75-3.85 (bs, 6 H) 4.05-4.25 (m, 2 H)
4.35-4.40 (bs, 6 H), 7.10-7.40, 7.90-8.15 (2 x m, 16
H), 8.60-9.00 (bs 8 H). COMPOUND 42 5,
15-bis-(4-Hydroxy-phenyl)-porphyrin This is prepared
as described by Mehta, Goverdhan; Muthusamy,
Sengodagounder; Maiya, Bhaskar G.; Arounaguiri, S.,
J.Chem.Soc.Perkin Trans.l; 2177 - 2182 (1999).
COMPOUND 43 5,10,
15-tris-(4-Hydroxy-phenyl)-20-(4-ocryloxy-phenyl)-porp
hyrin5,10,15,20-tetrakis-(4-Hydroxy- rhenyl)-porphyrin
(200 mg, 0.294 mmol) is dissolved and potassium
carbonate (487 mg. 3.53 mmol, 12 eqv.) is suspended
under argon in absolute DMF (50 mL) and the mixture is
heated to 550C. A solution of octyl bromide (35.8ml,
0.206 mmol, 0.7 eqv.) in absolute DMF (10 mL) is added
dropwise during 30 min. and the mixture is stirred at
550C for 2 h. The solvent is removed in vacuo at 500C5
water (80 mL) is added and the mixture is extracted
with ethyl acetate (3 x 40 mL). The combined organic
fraction is dried (Na2SO4) and the solvent evaporated.
The residue is purified by chromatography on a column
(300g) of silica gel. Tetra-alkylated and
tri-alkylated compounds are eluted with toluene:ethyl
acetate (30:1 by vol.). The third fraction
(di-substituted compound, trans-isomer) is eluted with
toluene :ethylacetate (15:1 by vol.). The fourth
fraction (di-substituted compound, cis-isomer) is
eluted with toluene: ethyl acetate (10:1 by vol.) and
the desired product (mono-alkylated compound) is
eluted with toluene.-ethylacetate (5:1 by vol.). The
solvent is removed under reduced pressure and the
residue dried under high vacuum to give the product as
a violet solid. 1H-NMR: dH (300 MHz, d6-acetone): 0.75
(t, 3H5 3 6.8 Hz), 1.13-1.25 (m, 8H)5 1.43 (quint, 2H,
3J = 7.5 Hz), 1.73 (quint, 2 H J = 7.5 Hz), 3.50 (t,
2H5 3J 8 Hz) 5 7.11 (d, 2H5 3J = 7.5 Hz)5 7.16 (d, 6
H5 3J 7.5 Hz) 5 7.90-7.94 (m, 8H)5 8.80-8.90 (m, 8
H)COMPOlMD 44 5-(4-Dodecyloxy-phenyl)- 10,
15,20-tris-(4-hydroxy-phenyl )-porphyrin 5,10J5
20-tetrakis-(4-Hydroxy-phenyl)-porphyrin (200 mg,
0.294 mmol) is dissolved and potassium carbonate (487
mg, 3.53 mmol, 12 eqv.) in suspended under argon in
absolute DMF (50 mL) and the mixture is heated to
550C. A solution of dodecyl bromide (49.4ml, 0.206
mmol, 0.7 eqv.) in absolute DMF (10 mL) is added
dropwise during 30 min. The mixture is stirred at 550C
for 2 h. The solvent is removed in vacuo at 5O0C,
water (80 mL) is added and the mixture extracted with
ethyl acetate (3 x 40 mL). The combined organic
fractions are dried (Na2SO4) and the solvent
evaporated. The product is isolated by chromatography
on a column (30Og) of silica. Terra-alkylated and
tri-alkylated compounds are eluted with tolueneiethyl
acetate (30:1 by vol.), di-substituted compound
(trans-isomer) with toluene: ethyl acetate (15:1 by
vol.), di-substituted compound (cis-isomer) with
toluene:ethyl acetate (10:1 by vol.) and the desired
product (mono-alkylated compound) with toluene: ethyl
acetate (5:1 by vol). Solvent is removed in vacuo and
the residue dried at high vacuum to give product as a
violet solid. 1H-NMR: dH (300 MHz, d6-acetone): 0.75
(t, 3H5 3J = 6.8 Hz), 1.13-1.25 (m, 16H), 1.41 (quint,
2H, 3J = 7.5 Hz), 1.63 (quint, 2 H, 3 7.5 Hz), 3.89
(t, 2H 3J6 Hz), 7.1 1 (d, 2 3J 7.5 Hz), 7.16 (d. 6 3J
7.5 Hz), 7.9-7.94 (m, 8H). 8.78-8,83 (m, 8 H) COMPOUM)
45 5, 10,15-tris-(4-Hydroxy-phe
pyl)-20-(4-nonyloxy-phenyl)-porphyrin
5,10,15,204etrakis-(4-Hydroxy-phenyl)-porphyrin (200
mg, 0.294 mmol) is dissolved and potassium carbonate
(487 mg, 3.53 mmol, 12 eqv.) is suspended under argon
in absolute DMF (50 mL) and the mixture heated to
550C. A solution of nonyl bromide (49.4ml, 0.206 mmol,
0.7 eqv.) in absolute DMF (10 mL) is added dropwise
during 30 min. The mixture is stirred at 550C for 2 h.
The solvent is removed in vacuo at 5O0C5 water (80 mL)
is added and the mixture extracted with ethyl acetate
(3 x 40 mL). The combined organic extracts are dried
(Na2SO4) and solvent removed under reduced pressure.
The product is isolated by chromatography on a column
(30Og) of silica. Tetra-alkylated and trialkylated
compounds are eluted with toluene:ethyl acetate (30:1
by vol.), di-substituted compound (trans-isomer) with
tolene:ethyl acetate (15:1 by vol.). di-substituted
compound (cis-isomer) with toluene:ethyl acetate (10:1
by vol.) and the desired product (mono-alkylated
compound) is eluted with toluene:ethyl acetate (5:1 by
vol.). The solvent is removed under reduced pressure
and the residue dried at high vacuum to afford the
product as a violet solid.1H-NMR: dH (300 MHz,
d6-acetone): 0.87 (t, 3H, 3J = 7.5 Hz), 1.14-1.26 (PL
10H)5 1.41 (quint, 2H), 1.70 (quint, 2H, 3J = 7.5 Hz),
3.92 (t, 2H, 3J = 7.5 Hz), 7.02 (d, 2H, 3 = 8.25 Hz,),
7.15 (d, 6H, 3J = 7.5 Hz,), 7.85 (d, 2H, 3 = 8.25 Hz),
7.91 (d, 3J = 7.5Hz), 8.76-8,84 (m, 8 H) COMPOUND 46
5-(4-Octyloxy-phenyl)-10,15,20-tris-[4-(3-trimethylamm
oniopropyloxy)- phenyl]-porphyrin trichloride Compound
43 (50 mg, 0.063 punol) and (3-bromopropyl)-
trimethylammonium bromide (164mg, 0.63 mmol, lOeqv.)
are dissolved and potassium carbonate (130 mg, 0.95
mmol, 15 eqv.) is suspended under argon in absolute
DMF (30 mL) and the mixture is stirred at 550C for 12
h . The solvent is removed in vacuo at 500C and the
residue applied to a pad (2 cm deep) of silica. The
unreacted ammonium salts are washed off with methanol
(100OmL) and the product is eluted with acetic
acid:methanol:water (3:2:1 by vol.). The solvent is
removed under reduced pressure and the residue further
purified by chromatography on a column (10Og) of
Sephadex LH-20 using n-butanol:water:acetic acid
(4:5:1 by vol., upper phase) as the eluent. The
solvents are removed under reduced pressure and the
residue dissolved in methanol and passedthrough a
small column of anion exchange resin (Amberlite IRA
400, chloride form) using methanol as eluent. After
evaporation of solvent, the crude product is dissolved
in the minimum amount of methanol and diethylether (50
mL) added. The solution is centrifuged for 15 min. The
supernatant liquid is evaporated to dryness and the
residue dried at high vacuum to give the product as a
violet solid. 1H-NMR: dH (300MHz, CD3OD): 0.90 (t, 3H5
3J = 7.5 Hz) 5 1.25-1.41 (in, 8H)5 1.45 (bs, 2H), 1.87
(bs, 2H), 2.38 (bs, 6H)5 3,29 (bs, 27H), 3.67 (t, 6H,
3J = 7.5 Hz), 4.01 (t, 2H, 3 = 7.5 Hz), 4.30 (t, 6H5 3
= 7.5 Hz), 7.1 1 (d, 2H, 3 = 7.5 Hz), 7.38 (d, 6H, 3J
= 7.5 Hz), 7.95 (d, 2H, 3 = 7.5 Hz), 8.1 1 (d, 6H, 3J
7.5 Hz), 8.93 (bs, 8H) COMPOUND 47
5-(4-Dodecyloxy-phenyl)-
10,15520-tris-[4-(3-trimethylammoniopropyloxy)-
phenyl] -porphyrin trichloride Compound 44 (50 mg,
0.059 mmol) and (3-bromopropyl)- trimethylammonium
bromide (154mg, 0.59 mmol, lOeqv.) are dissolved and
potassium carbonate (122 mg, 0.885 mmol, 15 eqv.) is
suspended under argon in absolute DMF (30 mL) and the
mixture is stirred at 55C for 12 h . The solvent is
removed in vacuo at 50C and the residue redissolved in
a little methanol and applied to a pad of silica (2 cm
deep). The unreacted ammonium salts are washed off
with methanol (100OmL). The product is eluted with
acetic acid:methanol:water (3:2:1 by vol.). The
solvents are removed under reduced pressure and the
crude product further purified by chromatography on a
column (10Og) of Sephadex LH- 20 using n-butanol:
water: acetic acid (4:5:1 by vol., upper phase) as
eluent. The solvents are removed under reduced
pressure, the residue redissolved in a little methanol
and the solution passed through a short column of
anion exchange resin (Amberlite IRC 400, chloride
form) using methanol as eluent. After removal of
solvent the crude product is re-dissolved in the
minimum amount of methanol and diethyl ether (50 mL)
added. The solution is centrifuged for 15 min. The
supernatant liquid is evaporated to dryness and the
product dried at high vacuum to give a violet solid.
1H-NMR: dH (300MHz, CD3OD): 0.88 (t, 3H, 3 1.5 Hz),
1.25-1.37 (m, 16H), 1.48 (bs, 2H), 1.93 (bs, 2H), 2.42
(bs, 6H), 3,28 (bs, 27H), 3.68-3.75 (m, 6H), 4.05 (t,
2H), 4.33 (t, 6H), 7.17 (d, 2H, 3J = 7.5 Hz), 7.33 (d,
6H, 3J 7.5 Hz), 7.99 (d, 2H, 3J = 7.5 Hz), 8.08 (d,
6H, 3 = 7.5 Hz), 8.85 (bs, 8H)COMPOUHD 48
5-(4-Nonyloxy-phenyl)-10J5,20-tris-[4-(3-trimethylammo
niopropyloxy)- phenyl] -porphyrin trichloride Compound
45 (50 mg, 0.062 mmol) and (3-bromopropyl)-
trimethylammonium bromide (162mg, 0.62 mmol, lOeqv.)
are dissolved and potassium carbonate (128 mg, 0.93
mmol, 15 eqv.) is suspended under argon in absolute
DMF (30 mL) and the mixture is stirred at 550C for 12
h . The solvent is removed in vacuo at 5O0C and the
residue redissolved in a little methanol and applied
to a pad of silica (2 cm deep). The unreacted ammonium
salts are washed off with methanol (lOOOmL). The
product is eluted with acetic acid:methanol:water
(3:2:1 by vol.). The solvents are removed under
reduced pressure and the product further purified by
chromatography on a column (10Og) of Sephadex LH-20
eluting with n-butanol:water:acetic acid (4:5:1 by
vol., upper phase). The solvents are removed under
reduced pressure, the residue re-dissolved in a little
methanol and the solution is passed through a short
column of anion exchange resin (Amberlite IRC 400,
chloride form) using methanol as eluent. After removal
of solvent, the product is dried at high vacuum o give
a violet solid.1H-NNZ[R: dH (300MHz, CD3OD): 0.89 (t,
3H, 3J = 7.5 Hz). 1.18-1 .34 (m, 10H) 



1.41 (bs, 2H), 1.73 (quint 2H, 3J - 7.5 Hz), 2.30-2.44
(m, 6H), 3,31 (bs, 27H)5 3.65-3.73 (m, 6H)5 3.93 (t
2H, 3 = 7.5 Hz) 5 4.25-4.42 (m, 6H), 7.08 (d, 2H5 3J
7.5 Hz) 5 7.30 (d, 6H, 3J = 7.5 Hz) 5 7.93 (d, 2H5 3J
= 7.5 Hz) 5 8.05 (d, 6H 3J = 7.5 Hz), 8.94 (bs, 8H)
COMPOUND 49
5-(4-Octyloxy-phenyl)-1045,20-Ms-[4-(5-trimethyla
punonio-pentyloxy)- phenyl] -porphyrin trichloride
Compound 43 (23 mg5 0.03 mmol) and (5-bromopentyl)-
trimethylammonium bromide (84 mg, 0.3 mmol, lOeqv.)
are dissolved and potassium carbonate (62 mg, 0.45
mmol, 15 eqv.) is suspended under argon in absolute
DMF (15 niL) and the mixture is stirred at 55C for 12
h . The solvent is removed in vacuo at 500C and the
residue re-dissolved in a little methanol and applied
to a pad (2 cm deep) of silica. The unreacted ammonium
salts are washed off with methanol (lOOOrnL). The
product is eluted with acetic acid:methanol:water
(3:2:1 by vol.). The solvents are removed under
reduced pressure and the product further purified by
chromatography on a column (10Og) of Sephadex LH-20
using n-butanol:water:acetic acid (4:5:1 by vol.,
upper phase) as eluent. The solvents are removed under
reduced pressure, the residue redissolved in a little
methanol and the solution passed though a short column
of anion exchange resin (Amberlite IRC 400. chloride
form) with methanol as eluent. The complete
purification process is repeated if impurities remain
in the product. After removal of solvent, the residue
is dried at high vacuum to give the product as a
violet solid. 1H-NMR: dH (300MHz 5CD3OD): 0.78 (bs,
3H), 1.08-1.35 (m, 10H), 1.45-1.59 (m, 6H)5 1.63-1.93
(m, 14H)5 3.17-3.32 (m, 6H)5 3,31 (bs, 33H), 3.84 (bs,
2H)5 4.07 (bs, 6H)5 6.93 (bs, 2H) 7.09 (d, 2H5 3J 7.5
Hz) 5 7.74 (bs, 2H), 7.88 (d, 2H, J 7.5 Hz), 8.71 (bs,
8H) COMPOUND 50
5,10515-tris-[4-(5-Trimemylammonio-pentyloxy)-phenyl]-
20-(4- undecyloxy-phenyl)-porphyrin trichloride
Compound 2 (50 mg, 0.06 mmol) and (5-bromopentyl)-
trimethylammonium bromide (174 mg, 0.6 mmol, lOeqv.)
are dissolved and potassium carbonate (124 mg, 0.9
mmol, 15 eqv.) is suspended under argon in absolute
DMF (30 mL) and the mixture is stirred at 55C for 12
h. The solvent is removed in vacuo at 5O0C and the
residue re-dissolved in a little methanol and applied
to a pad (2 cm deep) of silica. The unreacted ammonium
salts are washed off with methanol (100OmL).
Theproduct is eluted with acetic acid:methanol: water
(3 :2:1 by vol.). Solvents are removed under reduced
pressure and the product further purified by
chromatography on a column (10Og) of Sephadex LH-20
eluting with n-butanol:water:acetic acid (4:5:1 by
vol., upper phase). Solvents are removed under reduced
pressure, the residue re-dissolved in the minimum of
methanol and the solution passed through a short
column of anion exchange resin (Amberlite IRC 400)
with methanol as eluent. The complete purification
process is repeated if impurities remain in the
product. After removal of solvent, the residue is
dried at high vacuum to give the product as a violet
solid. 1H-NMR: dH (300MHz MeOD): 0.71-0,88 (m, 13H),
0.91-1.38 (m, 14H) 1.48- 1.81 (m, 12H)5 signals for
-CH 2NCH2 and OCH2-long alkyl chain are part of the
multiplet together with the signals for solvent in the
area 2.8 -3.3, 3.91 (bs, 6H)5 6.33 (bs5 2H)5 6.86 (bs,
6H)5 7.35 (bs5 2H)5 7.70 (bs, 6H) 8.65 (bs, 8H)
COMPOUND 5 1
5,10,15520-tetrakis-(3-Dodecyloxy-phenyl)-porphyrinPyr
role (0.7 mL. 10 mmol) and 3-dodecyloxybenzalderryde
(2.91 g. 10 mmol) are dissolved in degassed
dichloromethane (1000 mL) and TFA (0.77 mL, 10 mmol)
is added dropwise. The mixture is stirred for 17h at
room temperature in the dark. DDQ (6.81 g, 30 mmol) is
added in one portion and the mixture is stirred for a
further Ih at room temperature. The mixture is
filtered through a column (40Og) of silica using
dichloromethane as eluent followed by dichloromethane
to which triethylamine is added to adjust the pH value
to 8. This purification process is repeated if
impurities remain in the product until the pure
product is obtained. 1H-NMR: dH (300 MHz5 d6-acetone):
0.80 (bs, 12H)5 1.03-1.45 (m, 80H)5 1.78 (quint., 8H,
3 = 7.5 Hz), 4.05 (t, 8H5 3J = 7.5 Hz)5 7.24 (d, 4H5
3J = 7.5 Hz)5 7.49-7.55 (m, 4H)5 7.68-7.71 (m, 8H)5
8.80 (m, 8 H)EXAMPLE B: INNATE ANTI-BACTERIAL ACTIVITY
OF COMPOUND XO - DETERM NATIONOF MINIMUM INHIBITORY
CONCENTRATION (MIC) AND MINIMUM BACTERIOCIDAL
CONCENRATION (MBC) The minimum inhibitory
concentration (MIC) for an antimicrobial agent against
a specific microorganism is defined as the minimum
concentration of an antibacterial agent where no
apparent visible growth of the organism is observed
(FDA definition of Minimum Inhibitory Concentration).
MICs are typically determined using concentrations
derived traditionally from serial twofold dilutions
(National Committee for Clinical Laboratory Standards
(NCCLS) Handbook M7-A5: "Methods for Dilution
Antimicrobial Susceptibility Tests for Bacteria that
Grow Aerobically; Approved Standard - 5th Edition"
Volume 20 Number 2. January 2000). The MIC for
Compound 10 in the absence of light was investigated,
using a protocol based on the MIC protocol produced by
the NCCLS (National Committee for Clinical Laboratory
Standards (NCCLS) Handbook M7-A5, supra). The minimum
bacteriocidal concentration (MBC) is defined as the
minimal concentration of drug needed to kill most
(99.9%) of the viable organisms after incubation for a
fixed length of time (generally 24 hours) under a
given set of conditions (National Committee for
Clinical Laboratory Standards (NCCLS) Handbook M26-A;
"Methods for determining Bactericidal Activity of
Antimicrobial Agents; Approved Guidelines" Volume 19
number 18, September 1999). Methodology Staphylococcus
aureus BAA-44, a multi-drug resistant Methicillin
Resistant Staphylococcus aureus (MRSA) strain obtained
from the ATCCcatalogue, was used in this study. The
following concentrations of Compound 10 were
investigated: 0.764 ; 0.382: 0.191 ; 0.0955; 0.0478;
0.0239, 0.01 19, 0.00597, 0.00298, 0.00149. 0.00075 &
0.00037 mg/mL. Stock solutions were made up in
distilled water and serial dilutions undertaken of
this to produce the required concentrations
immediately prior to use At least 3 to 5 well-isolated
colonies of the same morphological type were selected
from an agar plate culture and the growth transferred
to a tube containing 100 mL of Isosensitest Broth and
the broth culture is incubated at 370C overnight. The
culture was then be diluted to a final density of 104
cells/mL with fresh Isosensitest Broth and incubated
with shaking at 370C until the cells entered
exponential growth. 0.09 mL of the adjusted inoculum
was transferred into each of 24 wells of a polystyrene
96 well microtiter plate. A control well of bacteria
alone in the presence of growth medium alone was
included (as a positive control). 0.09 mL of the
Compound 10 stock solutions from the dilution series
were pipetted into the relevant well for the
microtiter plates and incubated in the dark at 370C
and the plates examined after 24 hours incubation to
determine the turbidity in each well. These data are
used to determine the MIC. After 24 hours incubation
at 370C, 25mL samples of the fluid from the wells
without visible bacterial growth (four wells up) were
inoculated onto nutrient agar plates as spots and
incubated at 370C for a further 24 hours to determine
the MBC.Results The results demonstrated that the MIC
for Compound 10 in the absence of light was 0.0955
mg/mL, and that the MBC was 0.382 mg/mL (Table 1).
Table 1 MIC and MBC data for Compound 10 growth on sub
of 0.191 much reduced from initial inoculum to about
107ml Conclusions The results demonstrate that in the
absence of light Compound 10 has low MIC and MBC
values. These data indicate that Compound 10 is
considerably more potent as an antibiotic than some
traditional antibiotics (see Table 2): Table 2 MIC and
MBC values for compound 10 and conventional
antibiotics(a) Critchley LA et al. Baseline study to
determine in vitro activities of daptomycin against
gram-positive pathogens isolated in the United States
in 2000-2001. Antimicrobial Agents and Chemotherapy
(2003); 47(5): 1689-93 (b) Biavasco F et al. In vitro
antibacterial activity of LY333328, a new
semi-synthetic glycopeptide. Antimicrobial Agents and
Chemotherapy (1997); 41(10): 2165-72 (c) Fuchs PC et
al. In vitro bactericidal activity of daptomycin
against staphylococci. Journal of Antimicrobial
Chemotherapy (2002); 49: 467-70EXAMPLE C: INNATE
ANTI-BACTERIAL ACTIVITY OF COMPOUND 10 - ACTIVITY OVER
A RANGE OF REFERENCE STRAINS AND CLINICAL ISOLATES The
Minimum Inhibitory Concentrations (MICs) for Compound
10, over a range of reference strains and clinical
isolates, were determined using IsoSensitest(r) broth
and Minimum Bactericidal concentrations (MBCs)
determined by subculture onto Columbia blood agar.
Methodology 1. A 5 mg/ml stock solution of Compound 10
was made up in water 2. A series of dilutions were
undertaken to produce a range of concentrations
between 32 - 0.001 mg/L 3. The test microorganisms
were grown up overnight in IsoSensitest(r) broth m 4.
The cultures were then diluted with fresh broth to a
final concentration of 104 organisms/ml and placed on
a shaker for 90 minutes at 370C 5. 90 ml of the broth
culture containing the microorganisms were transferred
to each of 12 wells in a row in a microtitre tray and 



repeated in a control tray - four organisms per tray.
6. 90 mL of the appropriate Compound 10 dilution was
then added to each well containing organisms to give a
final dilution series from 16 mg/L to 0.0005 mg/L7.
The solutions were mixed well and incubated in the
dark for 24 hours 8. The MIC was recorded and 25_mL
from wells showing no growth was subcultured onto
blood agar for MBC determination 9. The MBC values
were recorded after overnight incubation of the
.subcultures. 10. Controls of uninoculated broth and
broth plus inoculum were undertaken for each organism
in each tray Results The results are shown in Table 3.
Table 3 MIC and MBC values for compound 10 and
conventional antibiotics2 , 4 , 6-TRISUBSTITUTED
PYRIMIDINES AS PHOSPHOTIDYLINOSITOL (PI) 3-KINASE
INHIBITORS AND THEIR USE I N THE TREATMENT OF CANCER
The invention concerns certain novel pyrimidine
derivatives, or pharmaceutically-acceptable salts,
solvates or pro-drugs thereof, which possess
anti-tumour activity and are accordingly useful in
methods of treatment of the human or animal body. The
invention also concerns processes for the manufacture
of said pyrimidine derivatives, to pharmaceutical
compositions containing them and to their use in
therapeutic methods, for example in the manufacture of
medicaments for use in production of an
anti-proliferative effect in a warm-blooded animal
such as man. Many of the current treatment regimes for
cell proliferation diseases such as cancer and
psoriasis utilise compounds which inhibit DNA
synthesis. Such compounds are toxic to cells generally
but their toxic effect on rapidly dividing cells such
as tumour cells can be beneficial. Alternative
approaches to anti-tumour agents which act by
mechanisms other than the inhibition of DNA synthesis
have the potential to display enhanced selectivity of
action. In recent years it has been discovered that a
cell may become cancerous by virtue of the
transformation of a portion of its DNA into an
oncogene, that is a gene which, on activation, leads
to the formation of malignant tumour cells (Bradshaw,
Mutagenesis . 1986, i , 91). Several such oncogenes
give rise to the production of peptides which are
receptors for growth factors. Activation of the growth
factor receptor complex subsequently leads to an
increase in cell proliferation. It is known, for
example, that several oncogenes encode tyrosine kinase
enzymes and that certain growth factor receptors are
also tyrosine kinase enzymes (Yarden et ah, Ann. Rev.
Biochem ., 1988, 57, 443; Larsen et al., Ann. Reports
in Med. Chem. , 1989, Chpt. 13). The first group of
tyrosine kinases to be identified arose from such
viral oncogenes, for example pp60v Src tyrosine kinase
(otherwise known as v-Src), and the corresponding
tyrosine kinases in normal cells, for example pp60 c
Src tyrosine kinase (otherwise known as c-Src).
Receptor tyrosine kinases are important in the
transmission of biochemical signals which initiate
cell replication. They are large enzymes which span
the cell membrane and possess an extracellular binding
domain for growth factors such as epidermal growth
factor (EGF) and an intracellular portion which
functions as a kinase to phosphorylate tyrosine amino
acids in proteins and hence to influence cell
proliferation. Various classes of receptor tyrosine
kinases are known (Wilks, Advances in Cancer Research
, 1993, 60, 43-73) based on familiesof growth factors
which bind to different receptor tyrosine kinases. The
classification includes Class I receptor tyrosine
kinases comprising the EGF family of receptor tyrosine
kinases such as the EGF, TGFa, Neu and erbB receptors.
It is also known that certain tyrosine kinases belong
to the class of non-receptor tyrosine kinases which
are located intracellularly and are involved in the
transmission of biochemical signals such as those that
influence tumour cell motility, dissemination and
invasiveness and subsequently metastatic tumour
growth. Various classes of non-receptor tyrosine
kinases are known including the Src family such as the
Src, Lyn, Fyn and Yes tyrosine kinases. It is also
known that certain kinases belong to the class of
serine/threonine kinases which are located
intracellularly and downstream of tyrosine kinase
activation and are involved in the transmission of
biochemical signals such as those that influence
tumour cell growth. Such serine/threonine signalling
pathways include the Raf-MEK-ERK cascade and those
downstream of PI3K such as PDK-I, AKT and mTOR
(Blume-Jensen and Hunter, Nature, 2001, 411, 355). It
is also known that certain other kinases belong to the
class of lipid kinases which are located
intracellularly and are also involved in the
transmission of biochemical signals such as those that
influence tumour cell growth and invasiveness. Various
classes of lipid kinases are known including the
phosphoinositide 3-kinase (abbreviated hereinafter to
PI3K) family that is alternatively known as the
phosphatidylinositol-3-kinase family. It is now well
understood that deregulation of oncogenes and
tumour-suppressor genes contributes to the formation
of malignant tumours, for example by way of increased
cell proliferation or increased cell survival. It is
also now known that signalling pathways mediated by
the PI3K family have a central role in a number of
cell processes including proliferation and survival,
and deregulation of these pathways is a causative
factor a wide spectrum of human cancers and other
diseases (Katso et al, Annual Rev. Cell Dev. Biol. ,
2001, 17: 615-617 and Foster et al, J. Cell Science
2003, 116: 3037-3040). The PI3K family of lipid
kinases is a group of enzymes that phosphorylate the
3-position of the inositol ring of
phosphatidylinositol (abbreviated hereinafter to PI).
Three major groups of PI3K enzymes are known which are
classified according to their physiological substrate
specificity (Vanhaesebroeck et al, Trends in Biol.
Sci. 1997, 22, 267). Class IH PI3K enzymes
phosphorylate PI alone. In contrast, Class II PI3K
enzymes phosphorylate bothPI and PI 4-phosphate
[abbreviated hereinafter to PI(4)P]. Class I PDK
enzymes phosphorylate PI, PI(4)P and PI
4,5-bisphosphate [abbreviated hereinafter to
PI(4,5)P2], although only PI(4,5)P2 is believed to be
the physiological cellular substrate. Phosphorylation
of PI(4,5)P2 produces the lipid second messenger PI
3,4,5-triphosphate [abbreviated 5 hereinafter to
PI(3,4,5)P3]. More distantly related members of this
superfamily are Class IV kinases such as mTOR and
DNA-dependent kinase that phosphorylate
serine/threonine residues within protein substrates.
The most studied and understood of these lipid kinases
are the Class I PI3K enzymes. Class I PI3K is a
heterodimer consisting of a pi 10 catalytic subunit
and a regulatory 10 subunit, and the family is further
divided into Class Ia and Class Ib enzymes on the
basis of regulatory partners and mechanism of
regulation. Class Ia enzymes consist of three distinct
catalytic subunits (pllO a, pllO b and pllO d) that
dimerise with five distinct regulatory subunits (p85a,
p55a, p50a, p85b and p55g), with all catalytic
subunits being able to interact with all regulatory
subunits to form a variety of heterodimers. Class Ia
PI3K are generally 15 activated in response to growth
factor-stimulation of receptor tyrosine kinases, via
interaction of the regulatory subunit SH2 domains with
specific phospho-tyrosine residues of the activated
receptor or adaptor proteins such as IRS-I. Both pi
10a and pi lOb are constitutively expressed in all
cell types, whereas pllO d expression is more
restricted to leukocyte populations and some
epithelial cells. In contrast, the single Class Ib
enzyme consists of a 20 pi 1Oy catalytic subunit that
interacts with a plOl regulatory subunit. Furthermore,
the Class Ib enzyme is activated in response to
G-protein coupled receptor (GPCR) systems and its
expression appears to be limited to leucoccytes. There
is now considerable evidence indicating that Class Ia
PI3K enzymes contribute to tumourigenesis in a wide
variety of human cancers, either directly or
indirectly (Vivanco 25 and Sawyers, Nature Reviews
Cancer, 2002, 2, 489-501). For example, the pi 10a
subunit is amplified in some tumours such as those of
the ovary (Shayesteh et al, Nature Genetics, 1999, 21;
99-102) and cervix (Ma et al, Oncogene, 2000, 19:
2739-2744). More recently, activating mutations within
the catalytic site of pllO a have been associated with
various other tumours such as those of the colorectal
region and of the breast and lung (Samuels et al,
Science, 2004, 30 304, 554). Tumour-related mutations
in p85a have also been identified in cancers such as
those of the ovary and colon (Philp et al., Cancer
Research, 2001, 61, 7426-7429). In addition to direct
effects, it is believed that activation of Class Ia
PI3K contributes to tumourigenicevents that occur
upstream in signalling pathways, for example by way of
ligand-dependent or ligand-independent activation of
receptor tyrosine kinases, GPCR systems or integrins
(Vara et al, Cancer Treatment Reviews 2004, 30,
193-204). Examples of such upstream signalling
pathways include over-expression of the receptor
tyrosine kinase Erb2 in a variety of 5 tumours leading
to activation of PDK-mediated pathways (Harari et al,
Oncogene, 2000, 19, 6102-6114) and over-expression of
the oncogene Ras (Kauffmann-Zeh et al, Nature, 1997,
385, 544-548). In addition, Class Ia PDKs may
contribute indirectly to tumourigenesis caused by
various downstream signalling events. For example,
loss of the effect of the PTEN tumour-suppressor
phosphatase that catalyses conversion of PI(3,4,5)P3
back to PI(4,5)P2 is 10 associated with a very broad
range of tumours via deregulation of PI3K-mediated
production of PI(3,4,5)P3 (Simpson and Parsons, Exp.
Cell Res. . 2001, 264, 29-41). Furthermore,
augmentation of the effects of other PI3K-mediated
signalling events is believed to contribute to a
variety of cancers, for example by activation of Akt
(Nicholson and Anderson, Cellular Signalling. 2002,
14, 381-395). 15 i addition to a role in mediating
proliferative and survival signalling in tumour cells,
there is also good evidence that Class Ia PI3K enzymes
will also contribute to tumourigenesis via its
function in tumour-associated stromal cells. For
example, PI3K signalling is known to play an important
role in mediating angiogenic events in endothelial
cells in response to pro-angiogenic factors such as
VEGF (Abid et al, Arterioscler. Thromb. Vase. Biol. ,
2004, 24, 20 294-300). As Class I PI3K enzymes are
also involved in motility and migration (Sawyer,
Expert Opinion Investig. Drugs, 2004, 13_, 1-19), PI3K
inhibitors should provide therapeutic benefit via
inhibition of tumour cell invasion and metastasis. In
addition, Class I PI3K enzymes play an important role
in the regulation of immune cells with PI3K activity
contributing to pro-tumourigenic effects of
inflammatory cells 25 (Coussens and Werb, Nature.
2002, 420, 860-867). These findings suggest that
pharmacological inhibitors of Class I PDK enzymes
should be of therapeutic value for treatment of the
various forms of the disease of cancer comprising
solid tumours such as carcinomas and sarcomas and the
leukaemias and lymphoid malignancies. In particular,
inhibitors of Class I PDK enzymes should be of
therapeutic value 30 for treatment of, for example,
cancer of the breast, colorectum, lung (including
small cell lung cancer, non-small cell lung cancer and
bronchioalveolar cancer) and prostate, and of cancer
of the bile duct, bone, bladder, head and neck,
kidney, liver, gastrointestinal tissue,
oesophagus,ovary, pancreas, skin, testes, thyroid,
uterus, cervix and vulva, and of leukaemias (including
ALL and CML), multiple myeloma and lymphomas.
Generally, investigators have explored the
physiological and pathological roles of the PDK enzyme
family using the PDK inhibitors LY294002 and
wortmannin. Although use of those compounds may
suggest a role for PDK in a cellular event, they are
not sufficiently selective within the PDK family to
allow dissection of the individual roles of the family
members. For this reason, more potent and selective
pharmaceutical PDK inhibitors would be useful to allow
a more complete understanding of PDK function and to
provide useful therapeutic agents. In addition to
tumourigenesis, there is evidence that Class I PDK
enzymes play a role in other diseases (Wymann et al.,
Trends in Pharmacological Science, 2003, 24, 366-376).
Both Class Ia PDK enzymes and the single Class Ib
enzyme have important roles in cells of the immune
system (Koyasu, Nature Immunology 2003, 4, 313-319)
and thus they are therapeutic targets for inflammatory
and allergic indications. Inhibition of PDK is also
useful to treat cardiovascular disease via
anti-inflammatory effects or directly by affecting
cardiac myocytes (Prasad et al, Trends in
Cardiovascular Medicine. 2003, 13, 206-212). Thus
inhibitors of Class I PDK enzymes are expected to be
of value in the prevention and treatment of a wide
variety of diseases in addition to cancer. It is
disclosed in International Patent Application WO
2004/048365 that certain pyrimidine derivatives
possess PDK enzyme inhibitory activity and are useful
in the treatment of cancer. The disclosure focuses on
arylamino- and heteroarylamino-substituted
pyrimidines. 



The scope of disclosure does not embrace 2-aryl
substituted pyrimidines. It is disclosed in European
Patent Application 1 277 738 that a variety of
structures possess PDK enzyme inhibitory activity and
are useful in the treatment of cancer. The disclosure
includes mention of 4-morpholino-substituted bicyclic
heteroaryl compounds such as quinazoline and
pyrido[3,2-d]pyrimidine derivatives and
4-morpholino-substituted tricyclic heteroaryl
compounds such as compounds described as
pyrido[3',2':4,5]furo[3,2-d]pyrimidine derivatives.
The scope of disclosure does not embrace monocyclic
pyrimidine derivatives. We have now found that
surprisingly certain pyrimidine derivatives possess
potent anti-tumour activity, being useful in
inhibiting the uncontrolled cellular proliferation
which arises from malignant disease. Without wishing
to imply that the compounds disclosed in the present
invention possess pharmacological activity only by
virtue of an effect on a singlebiological process, it
is believed that the compounds provide an anti-tumour
effect by way of inhibition of Class I PBK enzymes,
particularly by way of inhibition of the Class Ia PDK
enzymes and/or the Class Ib PI3K enzyme, more
particularly by way of inhibition of the Class Ia PBK
enzymes. The compounds of the present invention are
also useful in inhibiting the uncontrolled cellular
proliferation which arises from various non-malignant
diseases such as inflammatory diseases (for example
rheumatoid arthritis and inflammatory bowel disease),
fibrotic diseases (for example hepatic cirrhosis and
lung fibrosis), glomerulonephritis, multiple
sclerosis, psoriasis, benign prostatic hypertrophy
(BPH), hypersensitivity reactions of the skin, blood
vessel diseases (for example atherosclerosis and
restenosis), allergic asthma, insulin-dependent
diabetes, diabetic retinopathy and diabetic
nephropathy. Generally, the compounds of the present
invention possess potent inhibitory activity against
Class I PBK enzymes, particularly against Class Ia PBK
enzymes, whilst possessing less potent inhibitory
activity against tyrosine kinase enzymes such as the
receptor tyrosine kinases, for example EGF receptor
tyrosine kinase and/or VEGF receptor tyrosine kinase,
or against non-receptor tyrosine kinases such as Src.
Furthermore, certain compounds of the present
invention, possess substantially better potency
against Class I PBK enzymes, particularly against
Class Ia PBK enzymes, than against EGF receptor
tyrosine kinase or VEGF receptor tyrosine kinase or
Src non-receptor tyrosine kinase. Such compounds
possess sufficient potency against Class I PBK enzymes
that they may be used in an amount sufficient to
inhibit Class I PBK enzymes, particularly to inhibit
Class Ia PBK enzymes, whilst demonstrating little
activity against EGF receptor tyrosine kinase or VEGF
receptor tyrosine kinase or Src non-receptor tyrosine
kinase. According to one aspect of the invention there
is provided a pyrimidine derivative of the Formula
Iwherein p is 1, 2 or 3; each R1 group, which may be
the same or different, is selected from halogeno,
trifluoromethyl, cyano, isocyano, nitro, hydroxy,
mercapto, amino, formyl, carboxy, carbamoyl, ureido,
(l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (2-6C)alkenyloxy, (2-6C)alkynyloxy,
(l-6C)alkylthio, (l-6C)alkylsul rhinyl,
(l-6C)alkylsulphonyl, (l-6C)alkylamino,
di-[(l-6C)alkyl]amino, (l-6C)alkoxycarbonyl,
-(l-6C)alkylcarbamoyl, , -di-[(l-6C)alkyl]carbamoyl,
(2-6C)alkanoyl, (2-6C)alkanoyloxy,
(2-6C)alkanoylamino,
iV-(l-6C)alkyl-(2-6C)alkanoylamino,
(3-6C)alkenoylainino,
iV-(l-6C)alkyl-(3-6C)alkenoylarnino,
(3-6C)alkynoylamino, -(l-6C)alkyl-(3-6C)alkynoylamino,
'-(l-6C)alkylureido, iV',iV'-di-[(l-6C)alkyl]ureido,
-(l-6C)alkylureido, iV^V'-di-[(l-6C)alkyl]ureido,
,iV'^'-tri-[(l-6C)alkyl]ureido,
Lf-(l-6C)alkylsulphamoyl,
iV,iV-di-[(l-6C)alkyl]sulphamoyl,(l-6C)alkanesulphonyl
amino and -(l-6C)alkyl-(l-6C)alkanesulphonylamino, or
from a group of the formula : Q2 - X2 - wherein X2 is
a direct bond or is selected from O, S, SO, SO2,
N(R5), CO, CH(OR5), CON(R5), N(R5)CO, N(R5)CON(R5),
SO2N(R5), N(R5)SO2, OC(R5)2, SC(R5)2 and N(R5)C(R5)2,
wherein R5 is hydrogen or (l-8C)alkyl, and Q2 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, (3-8C)cyclalkenyl,
(3-8C)cycloalkenyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, or (R )p is
(l-3C)alkylenedioxy, and wherein any CH, CH2 or CH
group within a R1 substituent optionally bears on each
said CH, CH or CH3 group one or more halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, mercapto, amino, cyano, carboxy,
carbamoyl, ureido, (l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, iV-(l-6C)alkylcarbamoyl,
,Lr-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoyl,
(2-6C)alkanoyloxy, (2-6C)alkanoylamino,
-(l-6C)alkyl-(2-6C)alkanoylamino,
iV-(l-6C)alkylureido, '-(l-6C)alkylureido,
iV',iV'-di-[(l-6C)alkyl]ureido,
iV,iV'-di-[(l-6C)alkyl]ureido,
iV,iV',iV'-tri-[(l-6C)alkyl]ureido,
JV-(l-6C)alkylsulphamoyl,
2V,iV-di-[(l-6C)alkyl]sulrhamoyl,
(l-6C)alkanesulphonylamino and
-(l-6C)alkyl-(l-6C)alkanesulphonylamino, or from a
group of the formula : - X3 - Q3wherein X3 is a direct
bond or is selected from O, S, SO, SO2, N(R6), CO,
CH(OR6), CON(R6), N(R6)CO, N(R6)CON(R6), SO2N(R6),
N(R6)SO2, C(R6)2O, C(R6)2S and C(R6)2N(R6), wherein R6
is hydrogen or (l-8C)alkyl, and Q3 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, (3-8C)cycloalkenyl,
(3-8C)cycloalkenyl- (l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, and wherein any aryl,
(3-8C)cycloalkyl, (3-8C)cycloalkenyl, heteroaryl or
heterocyclyl group within a substituent on R1
optionally bears 1, 2 or 3 substituents, which may be
the same or different, selected from halogeno,
trifluoromethyl, cyano, nitro, hydroxy, amino,
carboxy, carbamoyl, ureido, (l-8C)alkyl,
(2-8C)alkenyl, (2-8C)alkynyl, (l-6C)alkoxy,
(2-6C)alkenyloxy, (2-6C)alkynyloxy, (l-6C)alkylthio,
(l-6C)alkylsul rhinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, (2-6C)alkanoyl,
(2-6C)alkanoyloxy, -(l-6C)alkylcarbamoyl,
,N-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoylarnino,
iV--(l-6C)alkyl-(2-6C)alkanoylarnino,iV-(l-6C)alkylure
ido, iV'-(l-6C)alkylureido,
iV'^V'-di-[(l-6C)alkyl]ureido,
iV,iV'-di-[(l-6C)alkyl]ureido,
iV,iV\Lr-tri-[(l-6C)alkyl]ureido,
JV-(l-6C)alkylsulphamoyl,
^V-di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino and
L'r-(l-6C)alkyl-(l-6C)alkanesulphonylamino, or from a
group of the formula : - X4 - R7 wherein X4 is a
direct bond or is selected from O and N(R8), wherein
R8 is hydrogen or (l-8C)alkyl, and R7 is
halogeno-(l-6C)alkyl, hydroxy-(l-6C)alkyl,
mercapto-(l-6C)alkyl, (l-6C)alkoxy-(l-6C)alkyl,
(l-6C)alkylthio-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl,
(2-6C)alkanoylamino-(l-6C)alkyl,
(l-6C)alkoxycarbonylamino-(l-6C)alkyl,
iV-(l-6C)alkylureido-(l-6C)alkyl,
iV'-(l-6C)alkylureido-(l-6C)alkyl,
AT,iV'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl,
iV,JV'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl or iV, ' ,
'-tri-[(l-6C)alkyl]ureido-(l-6C)alkyl, or from a group
of the formula : - X5 - Q4 wherein X5 is a direct bond
or is selected from O, CO and N(R9), wherein R9 is
hydrogen or (l-8C)alkyl, and Q4 is aryl,
aryl-(l-6C)alkyl, heteroaryl, heteroaryl-(l-6C)alkyl,
heterocyclyl or heterocyclyl-(l-6C)alkyl which
optionally bears 1 or 2 substituents, which may be the
same or different, selected from halogeno, hydroxy,
(l-8C)alkyl and (l-6C)alkoxy, and wherein any
heterocyclyl group within a substituent on R1
optionally bears 1 or 2oxo or thioxo substituents, and
wherein adjacent carbon atoms in any (2-6C)alkylene
chain within a R1 substituent are optionally separated
by the insertion into the chain of a group selected
from O, S, SO, SO , N(R10), CO, CH(OR10), CON(R10),
N(R10)CO, N(R10)CON(R10), SO2N(R10), N(R10)SO2, CH=CH
and CC wherein R10 is hydrogen or (l-8C)alkyl; R2 is
hydrogen or (l-8C)alkyl; q is O, 1, 2, 3 or 4; each R3
group, which may be the same or different, is
(l-8C)alkyl or a group of the formula : - X6 - Rp
wherein R is hydrogen or (l-8C)alkyl, and R11 is
halogeno-(l-6C)alkyl, hydroxy-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino- (l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl or
(2-6C)alkanoylamino-(l-6C)alkyl; r is 0, 1 or 2; each
R4 group, which may be the same or different, is
selected from halogeno, trifluoromethyl, cyano, nitro,
hydroxy, mercapto, amino, carboxy, carbamoyl, ureido,
(l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (l-6C)alkylthio, (l-6C)alkylsulphinyl,
(l- C)alkylsulphonyl, (l-6C)alkylamino,
di-[(l-6C)alkyl] amino, (l-6C)alkoxycarbonyl,
iV-(l-6C)alkylcarbamoyl,
,JV-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoyl,
(2-6C)alkanoyloxy, (2-6C)alkanoylamino,
LT-(l-6C)alkyl- (2-6C)alkanoylamino,
'-(l-6C)alkylureido, L' , '-di-[(l-6C)alkyl]ureido,
-(l-6C)alkylureido, , '-di-[(l-6C)alkyl]ureido, , ,
'-tri-[(l-6C)alkyl]ureido, iV-(l-6C)alkylsulphamoyl,L
Lf-di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino and
-(l~6C)alkyl-(l-6C)alkanesulphonylamino; X1 is
selected from CO, N(R13)CO, CON(R13), N(R13)CON(R13),
N(R13)COC(R13)2O, N(R13)COC(R13)2S,
N(R13)COC(R13)2N(R13) and N(R13)COC(R13)2N(R13)CO,
wherein R13 is hydrogen or (l-8C)alkyl; and Q1 is
hydrogen, (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
halogeno-(l-6C)alkyl, hydroxy-(l-6C)alkyl,
mercapto-(l-6C)alkyl, (l-6C)alkoxy-(l-6C)alkyl,
cyano-(l-6C)alkyl, amino-(l-6C)alkyl,
(l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl,
(l-6C)alkylthio-(l-6C)alkyl,
(l-6C)alkylsulphinyl-(l-6C)alkyl,(l-6C)alkylsulphonyl-
(l-6C)alkyl, (2-6C)alkanoylamino-(l-6C)alkyl,
N-(1-6C)alkyl-(2-6C)alkanoylamino-( 1-6C)alkyl,
(1-6C)alkoxycarbonylamino-(l -6C)alkyl,
-(l-6C)alkylureido-(l-6C)alkyl,
'-(l-6C)alkylureido-(l-6C)alkyl,
iV',iV'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl,
iV^V'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl, N,N\
'-tri-[(l-6C)alkyl]ureido-(l-6C)alkyl, (l-6C)alkanesul
rhonylamino-(l-6C)alkyl or
-(l-6C)alkyl-(l-6C)alkanesul rhonylamino-(l-6C)alkyl,
or Q1 is aryl, aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, (3-8C)cycloalkenyl,
(3-8C)cycloalkenyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, and wherein any CH, CH or CH
group within the Q1 group optionally bears on each
said CH, CH2 or CH3 group one or more halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, mercapto, amino, cyano, carboxy,
carbamoyl, ureido, (l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl] amino,
(l-6C)alkoxycarbonyl, N-(l-6C)alkylcarbamoyl, N,
-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoyl,
(2-6C)alkanoyloxy, (2-6C)alkanoylamino,
-(l-6C)alkyl-(2-6C)alkanoylamino,
iV'-(l-6C)alkylureido, ' , '-di-[(l-6C)alkyl]ureido,
iV-(l-6C)alkylureido, ,iV'-di-[(l-6C)alkyl]ureido,
iV,iV',-V-tri-[(l-6C)alkyl]ureido,
iV-(l-6C)alkylsulphamoyl, iV-(l-6C)alkylsulphamoyl,
iV, -di-[(l-6C)alkyl]sulphamoyl,
(1-6C)alkanesulphonylamino and N-(I -6C)alkyl-(
1-6C)alkanesulphonylamino, and wherein any aryl,
(3-8C)cycloalkyl, (3-8C)cycloalkenyl, heteroaryl or
heterocyclyl group within the Q1 group optionally
bears 1, 2 or 3 substituents, which may be the same or
different, selected from halogeno, trifluoromethyl,
cyano, nitro, hydroxy, amino, carboxy, carbamoyl,
ureido, (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (2-6C)alkenyloxy, (2-6C)alkynyloxy,
(l-6C)alkylthio, (l- C)alkylsulphinyl,
(l-6C)alkylsulphonyl, (l-6C)alkylamino,
di-[(l-6C)alkyl]amino, (l-6C)alkoxycarbonyl,
(2-6C)alkanoyl, (2-6C)alkanoyloxy,
N-(l-6C)alkylcarbamoyl, N,N-di-[(l-6C)alkyl]carbamoyl,
(2-6C)alkanoylamino,
N-(l-6C)alkyl-(2-6C)alkanoylamino,
N'-(l-6C)alkylureido, N' ,N'-di-[(l-6C)alkyl]ureido,
N-(l-6C)alkylureido, N,N'-di-[(l-6C)alkyl]ureido, ,
,N'-tri-[(l-6C)alkyl]ureido, N-(l-6C)alkylsulphamoyl,
N,N-di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino and
N-(l-6C)alkyl-(l-6C)alkanesulphonylamino, or from a
group of the formula : - X7 - R14wherein X7 is a
direct bond or is selected from O and N(R15), wherein
R15 is hydrogen or 



(l-8C)alkyl, and R14 is halogeno-(l-6C)alkyl,
hydroxy-(l-6C)alkyl, (l-6C)alkoxy-(l-6C)alkyl,
cyano-(l-6C)alkyl, amino-(l-6C)alkyl,
(l-6C)alkylamino-(l-6C)alkyl or
di-[(l-6C)alkyl]amino-(l-6C)alkyl, or from a group of
the formula : - X8 - Q5 wherein X8 is a direct bond or
is selected from O, CO and N(R17), wherein R17 is
hydrogen or (l-8C)alkyl, and Q5 is aryl,
aryl-(l-6C)alkyl, heteroaryl, heteroaryl-(l-6C)alkyl,
heterocyclyl or heterocyclyl-(l-6C)alkyl which
optionally bears 1 or 2 substituents, which may be the
same or different, selected from halogeno, hydroxy,
(l-8C)alkyl and (l-6C)alkoxy, and wherein any
heterocyclyl group within the Q1 group optionally
bears 1 or 2 oxo or thioxo substituents, and wherein
adjacent carbon atoms in any (2-6C)alkylene chain
within the Q1 group are optionally separated by the
insertion into the chain of a group selected from O,
S, SO, SO2, N(R16), N(R16)CO, CON(R16),
N(R16)CON(R16), CO, CH(OR16), N(R16)SO2, SO2N(R16),
CH=CH and C C wherein R16 is hydrogen or (l-8C)alkyl;
or a pharmaceutically-acceptable salt, solvate or
pro-drug thereof. In this specification the generic
term "(l-8C)alkyl" includes both straight-chain and
branched-chain alkyl groups such as propyl, isopropyl
and t rt-butyl, and also (3-8C)cycloalkyl groups such
as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
and cycloheptyl, and also (3-6C)cycloalkyl-(l-2C)alkyl
groups such as cyclopropylmethyl, 2-cyclopropylethyl,
cyclobutylmethyl, 2-cyclobutylethyl,
cyclopentylmethyl, 2-cyclopentylethyl,
cyclohexylmethyl and 2-cyclohexylethyl. However
references to individual alkyl groups such as "propyl"
are specific for the straight-chain version only,
references to individual branched-chain alkyl groups
such as "isopropyl" are specific for the
branched-chain version only and references to
individual cycloalkyl groups such as "cyclopentyl" are
specific for that 5-membered ring only. An analogous
convention applies to other generic terms, for example
(l- C)alkoxy includes (3-6C)cycloalkyloxy groups and
(3-5C)cycloalkyl-(l-2C)alkoxy groups, for example
methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy,
cyclobutyloxy, cyclopentyloxy, cyclohexyloxy,
cyclopropylmethoxy, 2-cyclopropylethoxy,
cyclobutylmethoxy, 2-cyclobutylethoxy and
cyclopentylmethoxy; (l-6C)alkylamino includes
(3-6C)cycloalkylamino groups and (3-5C)cycloalkyl-
(l-2C)alkylamino groups, for example methylamino,
ethylamino, propylamino,cyclopropylamino,
cyclobutylamino, cyclohexylamino,
cyclopropylmethylamino, 2-cyclopropylethylamino,
cyclobutylmethylamino, 2-cyclobutylethylamino and
cyclopentylmethylamino; and di-[(l-6Calkyl]amino
includes di-[(3-6C)cycloalkyl]amino groups and
di-[(3-5C)cycloalkyl-(l-2C)alkyl]amino groups, for
example dimethylamino, diethylamino, dipropylamino,
-cyclopropyl-W-methylamino, -cyclobutyl- -methylamino,
iV-cyclohexyl-iV-ethylamino,Lf-cyclopropylmethyl-L^-me
thylamino, JV-(2-cyclopropylethyl)- -methylamino and
-cyclopentylmethyl- -methylamino. It is to be
understood that, insofar as certain of the compounds
of Formula I defined above may exist in optically
active or racemic forms by virtue of one or more
asymmetric carbon atoms, the invention includes in its
definition any such optically active or racemic form
which possesses the above-mentioned activity. The
synthesis of optically active forms may be carried out
by standard techniques of organic chemistry well known
in the art, for example by synthesis from optically
active starting materials or by resolution of a
racemic form. Similarly, the above-mentioned activity
may be evaluated using the standard laboratory
techniques referred to hereinafter. ' It is to be
understood that certain compounds of Formula I defined
above may exhibit the phenomenon of tautomerism. In
particular, tautomerism may affect heterocyclic groups
within the R1 and Q1 groups that bear 1 or 2 oxo or
thioxo substituents. It is to be understood that the
present invention includes in its definition any such
tautomeric form, or a mixture thereof, which possesses
the above-mentioned activity and is not to be limited
merely to any one tautomeric form utilised within the
formulae drawings or named in the Examples. It is to
be understood that the -X Q1 group may be located at
any available position on the phenyl group that is
located at the 4-position on the pyrimidine ring.
Conveniently, the -X Q1 group is located at the 3- or
4-position on said phenyl group. More conveniently,
the -X Q1 group is located at the 3-position on said
phenyl group. It is further to be understood that any
R1 group that is present on the phenyl group that is
located at the 2-position on the pyrimidine ring may
be located at any available position on said phenyl
group. When multiple R1 groups are present, the R1
groups may be the same or different. Conveniently,
there is a single R1 group. More conveniently, the
single R1 group is located at the 3-position on said
phenyl group. It is further to be understood that any
R3 group that may be present on the morpholinyl group
that is located at the 6-position on the pyrimidine
ring may be located at any availableposition on said
morpholinyl group. Conveniently, there is a single R
group. More conveniently, no R3 group is present
(q=0). It is further to be understood that any R4
group that may be present on the phenyl group that is
located at the 4-position on the pyrimidine ring may
be located at any available position on said phenyl
group. Conveniently, there is a single R4 group. More
conveniently, no R4 group is present (r=0). Suitable
values for the generic radicals referred to above
include those set out below. A suitable value for any
one of the 'Q' groups (Q1 to Q5) when it is aryl or
for the aryl group within a 'Q' group is, for example,
phenyl or naphthyl, preferably phenyl. A suitable
value for any one of the 'Q' groups (Q1 to Q3) when it
is (3-8C)cycloalkyl or for the (3-8C)cycloalkyl group
within a 'Q' group is, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
bicyclo[2.2.1]heptyl or cyclooctyl and a suitable
value for any one of the 'Q' groups (Q1 to Q3) when it
is (3-8C)cycloalkenyl or for the (3-8C)cycloalkenyl
group within a 'Q' group is, for example,
cyclobutenyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl or cyclooctenyl. A suitable value for
any one of the 'Q' groups (Q1 to Q5) when it is
heteroaryl or for the heteroaryl group within a 'Q'
group is, for example, an aromatic 5- or 6-membered
monocyclic ring or a 9- or 10-membered bicyclic ring
with up to five ring heteroatoms selected from oxygen,
nitrogen and sulphur, for example furyl, pyrrolyl,
thienyl, oxazolyl, isoxazolyl, imidazolyl, pyrazolyl,
thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, 1,3,5-triazenyl, benzofuranyl,
indolyl, benzothienyl, benzoxazolyl, benzimidazolyl,
benzothiazolyl, indazolyl, benzofurazanyl, quinolyl,
isoquinolyl, quinazolinyl, quinoxalinyl, cinnolinyl or
naphthyridinyl. A suitable value for any one of the
'Q' groups (Q1 to Q5) when it is heterocyclyl or for
the heterocyclyl group within a 'Q' group is, for
example, a non-aromatic saturated or partially
saturated 3 to 10 membered monocyclic or bicyclic ring
with up to five heteroatoms selected from oxygen,
nitrogen and sulphur, for example oxiranyl, oxetanyl,
tetrahydrofuranyl, tetrahydropyranyl, oxepanyl,
tetrahydrothienyl, 1,1-dioxotetrahydrothienyl,
tetrahydrothiopyranyl, 1,1-dioxotetrahydrothiopyranyl,
azetidinyl, pyrrolinyl, pyrrolidinyl, imidazolinyl,
imidazolidinyl, pyrazolinyl, pyrazolidinyl,
morpholinyl, tetrahydro-l,4-thiazinyl,
l,l-dioxotetrahydro-l,4-thiazinyl, piperidinyl,
homopiperidinyl, piperazinyl, homopiperazinyl,
2-azabicyclo[2.2.1]heptyl, quinuclidinyl, chromanyl,
isochromanyl, indolinyl,
isoindolinyl,dihydropyridinyl, tetrahydropyridinyl,
dihydropyrimidinyl or tetrahydropyrimidinyl,
preferably tetrahydrofuranyl, tetrahydropyranyl,
tetrahydrothiopyranyl, pyrrolinyl, pyrrolidinyl,
morpholinyl, piperidinyl, piperazinyl, indolinyl or
isoindolinyl. A suitable value for such a group which
bears 1 or 2 oxo or thioxo substituents is, for
example, 2-oxopyrrolidinyl, 2-thioxopyrrolidinyl,
2-oxoimidazolidinyl, 2-thioxoimidazolidinyl,
2-oxopiperidinyl, 4-oxo-l,4-dihydropyridinyl,
2,5-dioxopyrrolidinyl, 2,5-dioxoimidazolidinyl or
2,6-dioxopiperidinyl. A suitable value for a 'Q' group
when it is heteroaryl-(l-6C)alkyl is, for example,
heteroarylmethyl, 2-heteroarylethyl and
3-heteroarylpropyl. The invention comprises
corresponding suitable values for 'Q' groups when, for
example, rather than a heteroaryl-(l-6C)alkyl group,
an aryl-(l-6C)alkyl, (3-8C)cycloalkyl-(l-6C)alkyl,
(3-8C)cycloalkenyl-(l-6C)alkyl or
heterocyclyl-(l-6C)alkyl group is present. Suitable
values for any of the 'R' groups (R1 to R17), or for
various groups within an R1, R3 or R4 substituent, or
for Q1, or for various groups within Q1 include:- for
halogeno fluoro, chloro, bromo and iodo; for
(l-8C)alkyl: methyl, ethyl, propyl, isopropyl,
rt-butyl, cyclobutyl, cyclohexyl, cyclohexylmethyl and
2-cyclopropylethyl; for (2-8C)alkenyl: vinyl,
isopropenyl, allyl and but-2-enyl; for (2-8C)alkynyl:
ethynyl, 2-propynyl and but-2-ynyl; for (l-6C)alkoxy:
methoxy, ethoxy, propoxy, isopropoxy and butoxy; for
(2-6C)alkenyloxy: vinyloxy and allyloxy; for
(2-6C)alkynyloxy: ethynyloxy and 2-propynyloxy; for
(l-6C)alkylthio: methylthio, ethylthio and propylthio;
for (l-6C)alkylsulphinyl: methylsulphinyl and
ethylsulphinyl; for (l-6C)alkylsulphonyl:
methylsulphonyl and ethylsulphonyl; for
(l-6C)alkylamino: methylamino, ethylamino,
propylamino, isopropylamino and butylamino; for
di-[(l-6C)alkyl]amino: dimethylamino, diethylamino,
-ethyl-iV-methylamino and diisopropylamino; for
(l-6C)alkoxycarbonyl: methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl and rt-butoxycarbonyl;for
iV-(l-6C)alkylcarbamoyl: -methylcarbamoyl,
iV-ethylcarbamoyl and iV-propylcarbamoyl; for ,
-di-[(l-6C)alkyl]carbamoyl:
iV,iV-dimethylcarbamoyl,iV-ethyliV- methylcarbamoyl
and JV-diethylcarbamoyl; for (2-6C)alkanoyl: acetyl,
propionyl and isobutyryl; for (2-6C)alkanoyloxy:
acetoxy and propionyloxy; for (2-6C)alkanoylamino:
acetamido and propionamido; for
iV-(l-6C)alkyl-(2-6C)alkanoylamino: iV-methylacetamido
and iV-methylpropionamido; for (3-6C)alkenoylamino:
acrylamido, methacrylamido and crotonamido; for
iV-(l-6C)alkyl-(3-6C)alkenoylamino:
iV-methylacrylamido and N-methylcrotonamido; for
(3-6C)alkynoylamino: propiolamido; for
iV-(l-6C)alkyl-(3-6C)alkynoylamino:
iV-methylpropiolamido; for iV'-(l-6C)alkylureido:
'-methylureido and iV'-ethylureido; for '
L/"-di-[(l-6C)alkyl]ureido: N'JV'-dimethylureido and
iV'-methyl-iV'-ethylureido; foriV-(l-6C)alkylureido:
-methylureido and iV-ethylureido; for
iV,i\T-di-[(l-6C)alkyl]ureido: ,iV'-dimethylureido,
-methyl-iV'-ethylureido and -ethyl-iV'-methylureido;
for , ', '-di-[(l-6C)alkyl]ureido:
^V',iV'-trimethylureido, iV-ethyl-
',iV"-dimetliylureido and iV-methyl-
',iV'-diethylureido; for -(l-6C)alkylsulphamoyl:
iV-methylsulphamoyl and -ethylsulphamoyl; for ,
-di-[(l-6C)alkyl]sulphamoyl: iV, -dimethylsulphamoyl;
for (l-6C)alkanesulphonylamino: methanesulphonylamino
and ethanesulphonylamino; for
-(l-6C)alkyl-(l-6C)alkanesulphonylamino:
-methylmethanesulphonylamino and
-methylethanesulphonylamino; for halogeno-(l-6C)alkyl:
chloromethyl, 2-fluoroethyl, 2-chloroethyl,
1-chloroethyl, 2,2-difluoroethyl,
2,2,2-trifluoroethyl, 3-fluoropropyl, 3-chloropropyl,
3,3-difluoropropyl and 3,3,3-trifluoropropyl;
forhydroxy-(l-6C)alkyl: hydroxymethyl, 2-hydroxyethyl,
1-hydroxyethyl and 3-hydroxypropyl; for
mercarto-(l-6C)alkyl: mercaptomethyl, 2-mercaptoethyl,
1-mercaptoethyl and 3-mercaptopropyl;for
(l-6C)alkoxy-(l-6C)alkyl: methoxymethyl, ethoxymethyl,
1-methoxyethyl, 2-methoxyethyl, 2-ethoxyethyl and
3-methoxypropyl; 



for (l-6C)alkylthio-(l-6C)alkyl: methylthiomethyl,
ethylthiomethyl, 5 2-methylthioethyl,
1-methylthioethyl and 3-methylthiopropyl ; for
(l-6C)alkylsulphinyl-(l-6C)alkyl:
methylsulphinylmethyl, ethylsulphinylmethyl,
2-methylsulphinylethyl, 1-methylsulphinylethyl and
3-methylsulphinylpropyl; 10 for
(l-6C)alkylsulphonyl-(l-6C)alkyl:
methylsulphonylmethyl, ethylsulphonylmethyl,
2-methylsulphonylethyl, 1-methylsulphonylethyl and
3-methylsulphonylpropyl; for cyano-(l-6C)alkyl:
cyanomethyl, 2-cyanoethyl, 1-cyanoethyl and
3-cyanopropyl; 15 for amino-(l-6C)alkyl: aminomethyl,
2-aminoethyl, 1-aminoethyl, 3-aminopropyl,
1-aminopropyl and 5-aminopropyl; for
(l-6C)alkylamino-(l-6C)alkyl: methylaminomethyl,
ethylaminomethyl, 1-methylaminoethyl,
2-methylaminoethyl, 2-ethylaminoethyl and
3-methylaminopropyl; 20 for
di-[(l-6C)alkyl]amino-(l-6C)alkyl:
dimethylaminomethyl, diethylaminomethyl,
1-dimethylaminoethyl, 2-dimethylaminoethyl and
3-dimethylaminopropyl; for
(2-6C)alkanoylamino-(l-6C)alkyl: acetamidomethyl,
propionamidomethyl, 2-acetamidoethyl and
1-acetamidoethyl; 25 for
-(l-6C)alkyl-(2-6C)alkanoylamino-(l-6C)alkyl:
iV-methylacetamidomethyl, iV-methylpropionamidomethyl,
2-(iV-methylacetamido)ethyl and
1-(iV-methylacetamido)ethyl; 30 for
(l-6C)alkoxycarbonylamino-(l-6C)alkyl:
methoxycarbonylaminomethyl, ethoxycarbonylaminomethyl,
tert-butoxycarbonylaminomethyl and
2-methoxycarbonylaminoethyl ;for
JV'-(l-6C)alkylureido-(l-6C)alkyl:
iV'-methylureidomethyl, 2-(iV'-methylureido)ethyl and
l-(iV'-methylureido)ethyl; for ' ,
'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl:
LT,iV'-dimethylureidomethyl, 2-(
\iV'-dimethylureido)ethyl and l-(L ,
'-dimethylureido)ethyl;
foriV-(l-6C)alkylureido-(l-6C)alkyl:
-methylureidomethyl, 2-(iV-methylureido)ethyl and
1-(iV-methylureido)ethyl; for
,iV'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl:iV,iV'-dimethy
lureidomethyl, 2-( ,LT-dimethylureido)ethyl and l-( ,
'-dimethylureido)ethyl; for ,iV',
'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl: ,iV',
'-trimethylureidomethyl, 2-(NJf ,
'-trimethylureido)ethyl and 1-(N,N'
/V'-trimethylureido)ethyl; for
(l-6C)alkanesulphonylamino-(l-6C)alkyl:
methanesulphonylaminomethyl,
2-(methanesulphonylamino)ethyl and
1-(methanesulphonylamino)ethyl ; and for
-(l-6C)alkyl-(l-6C)alkanesulphonylamino-(l-6C)alkyl:
iV-methylmethanesulphonylaminomethyl,
2-(iV-methylmethanesulphonylamino)ethyl and l-(
-methylmethanesulphonylamino)ethyl. A suitable value
for (R )p when it is a (l-3C)alkylenedioxy group is,
for example, methylenedioxy, ethylidenedioxy,
isopropylidenedioxy or ethylenedioxy and the oxygen
atoms thereof occupy adjacent ring positions. When, as
defined hereinbefore, an R1 group forms a group of the
formula Q2-X2- and, for example, X2 is a OC(R5)2
linking group, it is the carbon atom, not the oxygen
atom, of the OC(R5)2 linking group which is attached
to the phenyl ring and the oxygen atom is attached to
the Q2 group. Similarly, when, for example a CH3 group
within a R1 substituent bears a group of the formula
-X3-Q3 and, for example, X3 is a C(R6)2O linking
group, it is the carbon atom, not the oxygen atom, of
the C(R6)2O linking group which is attached to the CH3
group and the oxygen atom is linked to the Q3 group.
As defined hereinbefore, adjacent carbon atoms in any
(2-6C)alkylene chain within a R1 substituent may be
optionally separated by the insertion into the chain
of a group such as O,CON(R10) or GC. For example,
insertion of an O atom into the alkylene chain within
a 4-methoxybutoxy group gives rise to, for example, a
2-(2-methoxyethoxy)ethoxy group, for example,
insertion of a CC group into the ethylene chain within
a 2-hydroxyethoxy group gives rise to a
4-hydroxybut-2-ynyloxy group and, for example,
insertion of a CONH group into the ethylene chain
within a 3-methoxypropoxy group gives rise to, for
example, a 2-(2-methoxyacetamido)ethoxy group. When,
as defined hereinbefore, any CH, CH2 or CH group
within a R1 substituent optionally bears on each said
CH, CH or CH3 group one or more halogeno or
(l-8C)alkyl substituents, there is suitably 1 halogeno
or (l-8C)alkyl substituent present on each said CH
group, there are suitably 1 or 2 such substituents
present on each said CH2 group and there are suitably
1, 2 or 3 such substituents present on each said CH3
group. When, as defined hereinbefore, any CH, CH2 or
CH3 group within a R1 substituent optionally bears on
each said CH, CH2 or CH3 group a substituent as
defined hereinbefore, suitable R1 substituents so
formed include, for example, hydroxy-substituted
(l-8C)alkyl groups such as hydroxymethyl,
1-hydroxyethyl and 2-hydroxyethyl, hydroxy-substituted
(l-6C)alkoxy groups such as 2-hydroxypropoxy and
3-hydroxypropoxy, (l-6C)alkoxy-substituted
(l-6C)alkoxy groups such as 2-methoxyethoxy and
3-ethoxypropoxy, hydroxy-substituted
amino-(2-6C)alkoxy groups such as 3-amino-
2-hydroxypropoxy, hydroxy-substituted
(l-6C)alkylamino-(2-6C)alkoxy groups such as
2-hydroxy-3-methylaminopropoxy, hydroxy-substituted
di-[(l-6C)alkyl]amino-(2-6C)alkoxy groups such as
3-dimethylamino-2-hydroxypropoxy, hydroxy-substituted
amino-(2-6C)alkylamino groups such as
3-amino-2-hydroxypropylamino, hydroxy-substituted
(l-6C)alkylamino-(2-6C)alkylamino groups such as
2-hydroxy-3-methylaminopropylamino and
hydroxy-substituted
di-[(l-6C)alkyl]amino-(2-6C)alkylamino groups such as
3-dimethylamino-2-hydroxypropylamino . It is further
to be understood that when, as defined hereinbefore,
any CH, CH or CH group within a R1 substituent
optionally bears on each said CH, CH2 or CH3 group a
substituent as defined hereinbefore, such an optional
substituent may be present on a CH, CH2 or CH3 group
within the hereinbefore defined substituents that may
be present on an aryl, heteroaryl or heterocyclyl
group within a R1 substituent. For example, if R1
includes an aryl or heteroaryl group that is
substituted by a (l-8C)alkyl group, the (l-8C)alkyl
group may be optionally substituted on a CH, CH2 or
CH3 group therein by one of the hereinbefore
definedsubstituents therefor. For example, if R1
includes a heteroaryl group that is substituted by,
for example, a (l-6C)alkylamino-(l-6C)alkyl group, the
terminal CH3 group of the (l-6C)alkylamino group may
be further substituted by, for example, a
(l-6C)alkylsulphonyl group or a (2-6C)alkanoyl group.
For example, the R1 group may be a heteroaryl group
such as a thienyl group that is substituted by a
iV-(2-methylsulphonylethyl)aminomethyl group such that
R1 is, for example, a 5-[
-(2-methylsulphonylethyl)aminomethyl]thien-2-yl group.
Further, for example, if R1 includes a heterocyclyl
group such as a piperidinyl or piperazinyl group that
is substituted on a nitrogen atom thereof by, for
example, a (2-6C)alkanoyl group, the terminal CH3
group of the (2-6C)alkanoyl group may be further
substituted by, for example, a di-[(l-6C)alkyl] amino
group. For example, the R1 group may be a
N-(2-dimethylaminoacetyl)piperidin-4-yl group or a
4-(2-dimethylaminoacetyl)piperazin-l-yl group. Similar
considerations apply to the attachments and
substitutions within the -X Q1 group. For example,
when, as defined hereinbefore, any CH, CH or CH group
within a Q1 group optionally bears on each said CH, CH
or CH group a substituent as defined hereinbefore,
suitable Q1 groups so formed include, for example,
hydroxy-substituted amino-(l-6C)alkyl groups such as
l-amino-2-hydroxyethyl or l-amino-2-hydroxypropyl, an
(l-6C)alkoxy-substituted amino-(l-6C)alkyl groups such
as l-amino-2-methoxyethyl, a
(l-6C)alkylamino-(l-6C)alkyl-substituted heteroaryl
group such as a 5-[
-(2-methylsulphonylethyl)aminomethyl]thien-2-yl group,
and a (2-6C)alkanoyl-substituted heterocyclic group
such as a iV-(2-dimethylaminoacetyl)piperidin-4-yl
group or a 4-(2-dimethylaminoacetyl)piperazin-1-yl
group. A suitable pharmaceutically-acceptable salt of
a compound of the Formula I is, for example, an
acid-addition salt of a compound of the Formula I, for
example an acid-addition salt with an inorganic or
organic acid such as hydrochloric, hydrobromic,
sulphuric, trifluoroacetic, citric or maleic acid; or,
for example, a salt of a compound of the Formula I
which is sufficiently acidic, for example an alkali or
alkaline earth metal salt such as a calcium or
magnesium salt, or an ammonium salt, or a salt with an
organic base such as methylamine, dimethylamine,
trimethylamine, piperidine, morpholine or
tris-(2-hydroxyethyl)amine. A further suitable
pharmaceutically-acceptable salt of a compound of the
Formula I is, for example, a salt formed within the
human or animal body after administration of a
compound of the Formula I.A suitable
pharmaceutically-acceptable solvate of a compound of
the Formula I is, for example, a hydrate such as a
hemi-hydrate, a mono-hydrate, a di-hydrate or a
tri-hydrate or an alternative quantity thereof. The
compounds of the invention may be administered in the
form of a pro-drug, that is a compound that is broken
down in the human or animal body to release a compound
of the invention. A pro-drug may be used to alter the
physical properties and/or the pharmacokinetic
properties of a compound of the invention. A pro-drug
can be formed when the compound of the invention
contains a suitable group or substituent to which a
property-modifying group can be attached. Examples of
pro-drugs include in vivo cleavable ester derivatives
that may be formed at a carboxy group or a hydroxy
group in a compound of the Formula I and in vivo
cleavable amide derivatives that may be formed at a
carboxy group or an amino group in a compound of the
Formula I. Accordingly, the present invention includes
those compounds of the Formula I as defined
hereinbefore when made available by organic synthesis
and when made available within the human or animal
body by way of cleavage of a pro-drug thereof.
Accordingly, the present invention includes those
compounds of the Formula I that are produced by
organic synthetic means and also such compounds that
are produced in the human or animal body by way of
metabolism of a precursor compound, that is a compound
of the Formula I may be a synthetically-produced
compound or a metabolically-produced compound. A
suitable pharmaceutically-acceptable pro-drug of a
compound of the Formula I is one that is based on
reasonable medical judgement as being suitable for
administration to the human or animal body without
undesirable pharmacological activities and without
undue toxicity. Various forms of pro-drug have been
described, for example in the following documents :-
a) Methods in Enzymologv, Vol. 42, p. 309-396, edited
by K. Widder, et al. (Academic Press, 1985); b) Design
of Pro-drugs, edited by H. Bundgaard, (Elsevier,
1985); c) A Textbook of Drug Design and Development,
edited by Krogsgaard-Larsen and H. Bundgaard, Chapter
5 "Design and Application of Pro-drugs", by H.
Bundgaard p. 113-191 (1991); d) H. Bundgaard, Advanced
Drug Delivery Reviews. 8, 1-38 (1992);e) H. Bundgaard,
et ah, Journal of Pharmaceutical Sciences, 77, 285
(1988); f) N. Kakeya, et al., Chem. Pharm. Bull. , 32,
692 (1984); g) T. Higuchi and V. Stella, "Pro-Drugs as
Novel Delivery Systems", A.C.S. Symposium Series,
Volume 14; and h) E. Roche (editor), "Bioreversible
Carriers in Drug Design", Pergamon Press, 1987. 



A suitable pharmaceutically-acceptable pro-drug of a
compound of the Formula I that possesses a carboxy
group is, for example, an in vivo cleavable ester
thereof. An in vivo cleavable ester of a compound of
the Formula I containing a carboxy group is, for
example, a pharmaceutically-acceptable ester which is
cleaved in the human or animal body to produce the
parent acid. Suitable pharmaceutically-acceptable
esters for carboxy include (l-6C)alkyl esters such as
methyl, ethyl and t rt-butyl, (l-6C)alkoxymethyl
esters such as methoxymethyl esters,
(l-6C)alkanoyloxymethyl esters such as
pivaloyloxymethyl esters, 3-phthalidyl esters,
(3-8C)cycloalkylcarbonyloxy-(l-6C)alkyl esters such as
cyclopentylcarbonyloxymethyl and
1-cyclohexylcarbonyloxyethyl esters,
2-oxo-l,3-dioxolenylmethyl esters such as
5-methyl-2-oxo-l,3-dioxolen-4-ylmethyl esters and
(l-6C)alkoxycarbonyloxy-(l-6C)alkyl esters such as
methoxycarbonyloxymethyl and 1-methoxycarbonyloxyethyl
esters. A suitable pharmaceutically-acceptable
pro-drug of a compound of the Formula I that possesses
a hydroxy group is, for example, an in vivo cleavable
ester or ether thereof. An in vivo cleavable ester or
ether of a compound of the Formula I containing a
hydroxy group is, for example, a
pharmaceutically-acceptable ester or ether which is
cleaved in the human or animal body to produce the
parent hydroxy compound. Suitable
pharmaceutically-acceptable ester forming groups for a
hydroxy group include inorganic esters such as
phosphate esters (including phosphoramidic cyclic
esters). Further suitable pharmaceutically-acceptable
ester forming groups for a hydroxy group include
(l-lOC)alkanoyl groups such as acetyl, benzoyl,
phenylacetyl and substituted benzoyl and phenylacetyl
groups, (l-lOC)alkoxycarbonyl groups such as
ethoxycarbonyl,
iV,iV-[di-(l-4C)alkyl]carbamoyl,2-dialkylaminoacetyl
and 2-carboxyacetyl groups. Examples of ring
substituents on the phenylacetyl and benzoyl groups
include aminomethyl, -alkylaminomethyl,
iV,iV-dialkylaminomethyl,morpholinomethyl,
piperazin-1-ylmethyl and
4-(l-4C)alkylpiperazin-l-ylmethyl. Suitable
pharmaceutically-acceptable ether forming groups for a
hydroxy group include a-acyloxyalkyl groups such as
acetoxymethyl and pivaloyloxymethyl groups.A suitable
pharmaceutically-acceptable pro-drug of a compound of
the Formula I that possesses a carboxy group is, for
example, an in vivo cleavable amide thereof, for
example an amide formed with an amine such as ammonia,
a (l-4C)alkylamine such as methylamine, a
di-(l-4C)alkylamine such as dimethylamine,
-ethyl-LT-methylamine or diethylamine, a
(l-4C)alkoxy-(2-4C)alkylamine such as
2-methoxyethylamine, a phenyl-(l-4C)alkylamine such as
benzylamine and amino acids such as glycine or an
ester thereof. A suitable pharmaceutically-acceptable
pro-drug of a compound of the Formula I that possesses
an amino group is, for example, an in vivo cleavable
amide derivative thereof. Suitable
pharmaceutically-acceptable amides from an amino group
include, for example an amide formed with
(l-lOC)alkanoyl groups such as an acetyl, benzoyl,
phenylacetyl and substituted benzoyl and phenylacetyl
groups. Examples of ring substituents on the
phenylacetyl and benzoyl groups include aminomethyl,
-alkylaminomethyl, L,Lf-dialkylaminomethyl,
morpholinomethyl, piperazin-1-ylmethyl and
4-(1-4C)alkylpiperazin- 1-ylmethyl. The in vivo
effects of a compound of the Formula I may be exerted
in part by one or more metabolites that are formed
within the human or animal body after administration
of a compound of the Formula I. As stated
hereinbefore, the in vivo effects of a compound of the
Formula I may also be exerted by way of metabolism of
a precursor compound (a pro-drug). According to a
further aspect of the invention there is provided a
pyrimidine derivative of the Formula I as defined
hereinbefore wherein p is 1, 2 or 3; each R1 group,
which may be the same or different, is selected from
halogeno, trifluoromethyl, cyano, isocyano, nitro,
hydroxy, mercapto, amino, formyl, carboxy, carbamoyl,
ureido, (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (2-6C)alkenyloxy, (2-6C)alkynyloxy,
(l-6C)alkylthio, (l-6C)alkylsulphinyl,
(l-6C)alkylsulphonyl, (l-6C)alkylamino,
di-[(l-6C)alkyl]amino, (l-6C)alkoxycarbonyl,
-(l-6C)alkylcarbamoyl, , -di-[(l-6C)alkyl]carbamoyl,
(2-6C)alkanoyl, (2-6C)alkanoyloxy,
(2-6C)alkanoylamino,
A/-(l-6C)alkyl-(2-6C)alkanoylamino,
(3-6C)alkenoylamino, -(l-6C)alkyl-(3-6C)alkenoylamino,
(3-6C)alkynoylamino,
iV-(l-6C)alkyl-(3-6C)alkynoylamino,
iV'-(l-6C)alkylureido, ',iV'-di-[(l-6C)alkyl]ureido,
-(l-6C)alkylureido, , '-di-[(l-6C)alkyl]ureido, , ' ,
'-tri-[(l-6C)alkyl]ureido,Lf-(l-6C)alkylsulphamoyl, ,
-di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino and
-(l-6C)alkyl-(l-6C)alkanesulphonylamino, or from a
group of the formula : Q2 - X2 - wherein X2 is a
direct bond or is selected from O, S, SO, SO2, N(R5),
CO, CH(OR5), CON(R5), N(R5)C0, N(R5)CON(R5), SO2N(R5),
N(R5)SO2, OC(R5)2, SC(R5)2 and N(R5)C(R5)2, wherein R5
is hydrogen or (l-8C)alkyl, and Q2 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, (3-8C)cycloalkenyl,
(3-8C)cycloalkenyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, or (R*)p is
(l-3C)alkylenedioxy, and wherein any CH, CH2 or CH
group within a R1 substituent optionally bears on each
said CH, CH2 or CH3 group one or more halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, mercapto, amino, cyano, carboxy,
carbamoyl, ureido, (l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylsulphinyl, (l-6C)alkylsul rhonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, JV-(l-6C)alkylcarbamoyl,
iV,iV-di-[(l-6C)alkyl]carbamoyl,(2-6C)alkanoyl,
(2-6C)alkanoyloxy, (2-6C)alkanoylamino,
iV-(l-6C)alkyl-(2-6C)alkanoylamino,
iV-(l-6C)alkylureido, '-(l-6C)alkylureido,
'^'-di-[(l-6C)alkyl]ureido,
iV^V'-di-[(l-6C)alkyl]ureido, iV, ' ,
'-tri-[(l-6C)alkyl]ureido, iV-(l-6C)alkylsulphamoyl,
iV,iV-di-[(l-6C)alkyl]sulphamoyl,(l-6C)alkanesulphonyl
amino and LT-(l-6C)alkyl-(l-6C)alkanesulphonylamino,
or from a group of the formula : - X3- Q3 wherein X3
is a direct bond or is selected from O, S, SO, SO2,
N(R6), CO, CH(OR6), CON(R6), N(R6)C0, N(R6)CON(R6),
SO2N(R6), N(R6)SO2, C(R6)2O, C(R6)2S and C(R6)2N(R6),
wherein R6 is hydrogen or (l-8C)alkyl, and Q3 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, (3-8C)cycloalkenyl,
(3-8C)cycloalkenyl- (l- C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, and wherein any aryl,
(3-8C)cycloalkyl, (3-8C)cycloalkenyl, heteroaryl or
heterocyclyl group within a substituent on R1
optionally bears 1, 2 or 3 substituents, which may be
the same or different, selected from halogeno,
trifluoromethyl, cyano, nitro, hydroxy, amino,
carboxy, carbamoyl, ureido, (l-8C)alkyl,
(2-8C)alkenyl, (2-8C)alkynyl, (l- C)alkoxy,
(2-6C)alkenyloxy, (2-6C)alkynyloxy, (l-6C)alkylthio,
(l-6C)alkylsul rhinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, (2-6C)alkanoyl,
(2-6C)alkanoyloxy, -(l-6C)alkylcarbamoyl,
iV,L/r-di-[(l-6C)alkyl]carbamoyl,(2-6C)alkanoylamino,
-(l-6C)alkyl-(2-6C)alkanoylamino,
Lr-(l-6C)alkylureido, '-(l-6C)alkylureido,
'^V'-di-[(l-6C)alkyl]ureido, ,
'-di-[(l-6C)alkyl]ureido, ,
'^V'-tri-[(l-6C)alkyl]ureido, -(l-6C)alkylsulphamoyl,
, -di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino
andiV-(l-6C)alkyl-(l-6C)alkanesulphonylamino, or from
a group of the formula : - X4 - R7 wherein X4 is a
direct bond or is selected from O and N(R8), wherein
R8 is hydrogen or (l-8C)alkyl, and R7 is
halogeno-(l-6C)alkyl, hydroxy-(l-6C)alkyl,
mercapto-(l-6C)alkyl, (l-6C)alkoxy-(l-6C)alkyl,
(l-6C)alkylthio-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]ammo-(l-6C)alkyl,
(2-6C)alkanoylamino-(l-6C)alkyl,
(l-6C)alkoxycarbonylamino-(l-6C)alkyl,
-(l-6C)alkylureido-(l-6C)alkyl,
iV'-(l-6C)alkylureido-(l-6C)alkyl,
iV'^V'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl, ,
'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl or ,
',iV'-tri-[(l-6C)alkyl]ureido-(l-6C)alkyl, or from a
group of the formula : - X5 - Q4 wherein X5 is a
direct bond or is selected from O, CO and N(R9),
wherein R9 is hydrogen or (l-8C)alkyl, and Q4 is aryl,
aryl-(l-6C)alkyl, heteroaryl, heteroaryl-(l-6C)alkyl,
heterocyclyl or heterocyclyl-(l-6C)alkyl which
optionally bears 1 or 2 substituents, which may be the
same or different, selected from halogeno, hydroxy,
(l-8C)alkyl and (l-6C)alkoxy, and wherein any
heterocyclyl group within a substituent on R1
optionally bears 1 or 2 oxo or thioxo substituents,
and wherein adjacent carbon atoms in any
(2-6C)alkylene chain within a R1 substituent are
optionally separated by the insertion into the chain
of a group selected from O, S, SO, SO , N(R10), CO,
CH(OR10), CON(R10), N(R10)CO, N(R10)CON(R10),
SO2N(R10), N(R10)SO2, CH=CH and CC wherein R10 is
hydrogen or (l-8C)alkyl; R2 is hydrogen or
(l-8C)alkyl; q is 0, 1, 2, 3 or 4; each R3 group,
which may be the same or different, is (l-8C)alkyl or
a group of the formula : - X6- Rp wherein X6 is a
direct bond or is selected from O and N(R12), wherein
R12 is hydrogen or (l-8C)alkyl, and R11 is
halogeno-(l-6C)alkyl,
hydroxy-(l-6C)alkyl,(l-6C)alkoxy-(l-6C)alkyl,
cyano-(l-6C)alkyl, amino-(l-6C)alkyl,
(l-6C)alkylamino- (l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl or
(2-6C)alkanoylamino-(l-6C)alkyl; r is 0, 1 or 2 ; each
R4 group, which may be the same or different, is
selected from halogeno, trifluoromethyl, cyano, nitro,
hydroxy, mercapto, amino, carboxy, carbamoyl, ureido,
(l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (l-6C)alkylthio, (l-6C)alkylsulphinyl,
(l-6C)alkylsul rhonyl, (l-6C)alkylamino,
di-[(l-6C)alkyl]amino, (1-6C)alkoxycarbonyl, N-(I
-6C)alkylcarbamoyl, iV,JV-di-[(I -6C)alkyl] carbamoyl,
(2-6C)alkanoyl, (2-6C)alkanoyloxy,
(2-6C)alkanoylamino, iV-(l-6C)alky.l-
(2-6C)alkanoylamino, LT-(l-6C)alkylureido,
iV'^V'-di-[(l-6C)alkyl]ureido, iV-(l-6C)alkylureido, N
, '-di-[(l-6C)alkyl]ureido,
iV,iV',iV'-tri-[(l-6C)alkyl]ureido,
iV-(l-6C)alkylsulphamoyl,
iV,iV-di-[(l-6C)alkyl]sulphamoyl, (l-6C)alkanesul
rhonylamino and
Lr-(l-6C)alkyl-(l-6C)alkanesulphonylamino; X1 is
selected from N(R 13)CO, CON(R 13), N(R 13)CON(R 13),
N(R 13)COC(R 13)2O, N(R 13)COC(R 13)2S, N(R 13)COC(R
13)2N(R 13) and N(R 13)COC(R 13)2N(R 13)CO, wherein
R13 is hydrogen or (l-8C)alkyl; and Q1 is (l-8C)alkyl,
(2-8C)alkenyl, (2-8C)alkynyl, halogeno-(l-6C)alkyl,
hydroxy-(l-6C)alkyl, mercapto-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl,
(l-6C)alkylthio-(l-6C)alkyl,
(l-6C)alkylsulphinyl-(l-6C)alkyl,
(l-6C)alkylsulphonyl-(l-6C)alkyl,
(2-6C)alkanoylamino-(l-6C)alkyl,
-(l-6C)alkyl-(2-6C)alkanoylamino-(l-6C)alkyl,
(l-6C)alkoxycarbonylamino-(l-6C)alkyl,
iV-(l-6C)alkylureido-(l-6C)alkyl,
iV'-(l-6C)alkylureido-(l-6C)alkyl,
',N'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl,
iV,iV'-di-[(l-6C)alkyl]ureido-(l-6C)alkyl, ,L
LT-tri-[(l-6C)alkyl]ureido-(l-6C)alkyl,
(l-6C)alkanesulphonylamino-(l-6C)alkyl or
-(l-6C)alkyl-(l-6C)alkanesulphonylamino-(l-6C)alkyl,
or Q1 is aryl, aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, (3-8C)cycloalkenyl,
(3-8C)cycloalkenyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, and wherein any CH, CH2 or
CH group within the Q1 group optionally bears on each
said CH, CH2 or CH3 group one or more halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, mercapto, amino, cyano, carboxy,
carbamoyl, ureido,(l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, N-(l-6C)alkylcarbamoyl, ,
-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoyl,
(2-6C)alkanoyloxy, (2-6C)alkanoylamino,
-(l-6C)alkyl-(2-6C)alkanoylamino,
iV'-(l-6C)alkylureido, iV',iV'-di-[(l-6C)alkyl]ureido,
N-(l-6C)alkylureido, N,N'-di-[(l-6C)alkyl]ureido, N,N\
N'-tri-[(l-6C)alkyl]ureido, iV-(l-6C)alkylsulphamoyl,
iV-(l-6C)alkylsulphamoyl,
iV,iV-di-[(l-6C)alkyl]sulphamoyl,
(1-6C)alkanesulphonylamino and
N-(1-6C)alkyl-(1-6C)alkanesulphonylamino, and wherein
any aryl, (3-8C)cycloalkyl, (3-8C)cycloalkenyl,
heteroaryl or heterocyclyl group within the Q1 group
optionally bears 1, 2 or 3 substituents, which may be
the same or 



different, selected from halogeno, trifluoromethyl,
cyano, nitro, hydroxy, amino, carboxy, carbamoyl,
ureido, (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (2-6C)alkenyloxy, (2-6C)alkynyloxy,
(l-6C)alkylthio, (l-6C)alkylsulphinyl, (l-
C)alkylsulphonyl, (l-6C)alkylamino,
di-[(l-6C)alkyl]amino, (l-6C)alkoxycarbonyl,
(2-6C)alkanoyl, (2-6C)alkanoyloxy,
-(l-6C)alkylcarbamoyl, N,N-di-[(l-6C)alkyl]carbamoyl,
(2-6C)alkanoylamino,
N-(l-6C)alkyl-(2-6C)alkanoylamino,
N'-(l-6C)alkylureido, ',iV'-di-[(l-6C)alkyl]ureido,
iV-(l-6C)alkylureido, iV,iV'-di-[(l-6C)alkyl]ureido,
,iV',iV'-tri-[(l-6C)alkyl]ureido,
-(l-6C)alkylsulphamoyl, , -di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino and -(I
-6C)alkyl-(l-6C)alkanesulphonylamino, or from a group
of the formula : - X7 - R14 wherein X7 is a direct
bond or is selected from O and N(R15), wherein R15 is
hydrogen or (l-8C)alkyl, and R14 is
halogeno-(l-6C)alkyl, hydroxy-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl or
di-[(l-6C)alkyl]amino-(l-6C)alkyl, and wherein any
heterocyclyl group within the Q1 group optionally
bears 1 or 2 oxo or thioxo substituents, and wherein
adjacent carbon atoms in any (2-6C)alkylene chain
within the Q1 group are optionally separated by the
insertion into the chain of a group selected from O,
S, SO, SO2, N(R16), N(R16)CO, CON(R16),
N(R16)CON(R16), CO, CH(OR16), N(R16)SO2, SO2N(R16),
CH=CH and CC wherein R16 is hydrogen or (l-8C)alkyl;
or a pharmaceutically-acceptable salt, solvate or
pro-drug thereof.Particular novel compounds of the
invention include, for example, pyrimidine derivatives
of the Formula I, or pharmaceutically-acceptable
salts, solvates or pro-drugs thereof, wherein, unless
otherwise stated, each of p, R1, R2, q, R3, r, R4, X1
and Q1 has any of the meanings defined hereinbefore or
in paragraphs (a) to (rr) hereinafter :- (a) p is 1, 2
or 3, and each R1 group, which may be the same or
different, is selected from halogeno, trifluoromethyl,
cyano, hydroxy, mercapto, amino, carboxy, carbamoyl,
ureido, (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (2-6C)alkenyloxy, (2-6C)alkynyloxy,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, -(l-6C)alkylcarbamoyl,
,iV-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoyloxy,
(2-6C)alkanoylamino,
iV-(l-6C)alkyl-(2-6C)alkanoylamino,
(3-6C)alkenoylamino,
iV-(l-6C)alkyl-(3-6C)alkenoylamino,
(3-6C)alkynoylamino, N-(I
-6C)alkyl-(3-6C)alkynoylamino, N-(
l-6C)alkylsulphamoyl, ,iV-di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino and iV-(l-6C)alkyl-
(l-6C)alkanesulphonylamino, or from a group of the
formula : Q2 -X2- wherein X2 is a direct bond or is
selected from O, S, N(R5), CO, wherein R5 is hydrogen
or (l-8C)alkyl, and Q2 is aryl, aryl-(l-6C)alkyl,
(3-8C)cycloalkyl, (3-8C)cycloalkyl-(l-6C)alkyl,
heteroaryl, heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, or (R1 is
(l-3C)alkylenedioxy, and wherein any CH, CH2 or CH
group within a R1 substituent optionally bears on each
said CH, CH2 or CH3 group one or more halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, mercapto, amino, cyano, carboxy,
carbamoyl, ureido, (l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, JV-(l-6C)alkylcarbamoyl, L
-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoyloxy,
(2-6C)alkanoylamino, -(l-6C)alkyl-(2-6C)alkanoylamino,
-(l-6C)alkylsulphamoyl, , -di-[(l-6C)alkyl]sulphamoyl,
(l-6C)alkanesulphonylamino and iV-(l-6C)alkyl-
(1-6C)alkanesulphonylamino, and wherein any aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within a substituent on R1 optionally bears 1, 2 or 3
substituents, which may be the same or different,
selected from halogeno, trifluoromethyl, cyano,
hydroxy, amino, (l-8C)alkyl, (2-8C)alkenyl,
(2-8C)alkynyl, (l-6C)alkoxy, (l-6C)alkylamino and
di-[(l-6C)alkyl]amino, and wherein anyheterocyclyl
group within a substituent on R1 optionally bears 1 or
2 oxo or thioxo substituents; (b) p is 1 or 2, and
each R1 group, which may be the same or different, is
selected from halogeno, trifluoromethyl, cyano,
hydroxy, amino, carboxy, carbamoyl, ureido,
(l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (l-6C)alkylamino, di-[(l-6C)alkyl]
amino, (l-6C)alkoxycarbonyl, (2-6C)alkanoylamino and
iV-(l-6C)alkyl- (2-6C)alkanoylamino, and wherein any
CH, CH2 or CH3 group within a R1 substituent
optionally bears on each said CH, CH2 or CH3 group 1,
2 or 3 halogeno or (l-8C)alkyl substituents and/or a
substituent selected from hydroxy, amino, cyano,
carboxy, carbamoyl, ureido, (l-6C)alkoxy,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, iV-(l-6C)alkylcarbamoyl,
JV,iV-di-[(l-6C)alkyl]carbamoyl,(2-6C)alkanoylamino
and N-(I -6C)alkyl- (2-6C)alkanoylamino; (c) p is 1 or
2, and each R1 group, which may be the same or
different, is selected from fluoro, chloro,
trifluoromethyl, cyano, hydroxy, amino, carboxy,
carbamoyl, ureido, methyl, ethyl, propyl, vinyl,
allyl, ethynyl, 2-propynyl, methoxy, ethoxy, propoxy,
isopropoxy, methylamino, ethylamino, propylamino,
dimethylamino, diethylamino, methoxycarbonyl,
ethoxycarbonyl, acetamido, propionamido,
iV-methylacetamido, N-methylpropionamido,
hydroxymethyl, 1-hydroxyethyl,
1-hydroxy-l-methylethyl, 2-hydroxyethyl, 2-hydroxy-
1-methylethyl, 2-hydroxypropyl,
l,l-dimethyl-2-hydroxyethyl, 2-hydroxy-2-methylpropyl,
aminomethyl, 1-aminoethyl, 1-amino-l-methylethyl,
2-aminoethyl, 2-amino-l-methylethyl, 2-aminopropyl,
2-amino-l,l-dimethylethyl, 2-amino-2-methylpropyl,
methylaminomethyl, 1-methylaminoethyl,
1-methylamino-l-methylethyl, 2-methylaminoethyl,
2-methylamino- 1-methylethyl, 2-methylaminopropyl,
2-methylamino-l,l-dimethylethyl, 2-methylamino-
2-methylpropyl, acetamidomethyl, 1-acetamidoethyl,
1-acetamido- 1-methylethyl, 2-acetamidoethyl,
2-acetamido- 1-methylethyl, 2-acetamidopropyl,
2-acetamido- 1,1-dimethylethyl and
2-acetamido-2-methylpropyl; (d) p is 1 or 2, and a
first R1 group is selected from hydroxy, amino,
carboxy, carbamoyl, methylamino, ethylamino,
dimethylamino, diethylamino, methoxycarbonyl,
ethoxycarbonyl, acetamido, propionamido,
JV-methylacetamido, iV-methylpropionamido,
hydroxymethyl, 1-hydroxyethyl,
1-hydroxy-l-methylethyl, aminomethyl, 1-aminoethyl,
1-aminol- methylethyl, methylaminomethyl,
1-methylaminoethyl,
1-methylamino-l-methylethyl,acetamidomethyl,
1-acetamidoethyl and 1-acetamido-l-methylethyl, and
the optional second R1 group is selected from fluoro,
chloro, trifluoromethyl, cyano, hydroxy, methyl,
ethyl, propyl, vinyl, allyl, ethynyl, 2-propynyl,
methoxy, ethoxy, propoxy and isopropoxy; (e) p is 1 or
2, and a first R1 group is selected from hydroxy,
carbamoyl, acetamido, propionamido,
iV-methylacetamido, JV-methylpropionamido,
hydroxymethyl, 1-hydroxyethyl and
1-hydroxy-1-methylethyl, and the optional second R1
group is selected from fluoro, chloro,
trifluoromethyl, cyano, hydroxy, methyl, ethyl,
methoxy and ethoxy; (f) p is 1 and the R1 group is
located at the 3- or 4-position on the phenyl group
and is selected from hydroxy, carbamoyl, acetamido,
hydroxymethyl, 1-hydroxyethyl and 1-hydroxy-
1-methylethyl; (g) p is 1 and the R1 group is located
at the 3-position on the phenyl group and is selected
from hydroxy and hydroxymethyl; (h) R2 is hydrogen,
methyl, ethyl or propyl; (i) R2 is hydrogen or methyl;
(j) R2 is hydrogen; (k) qis 0; (1) q is 1, 2 or 3 and
each R3 group, which may be the same or different, is
methyl, ethyl or propyl; (m) q is 1 and the R3 group
is methyl; (n) r is O; (o) r is 1 or 2 and each R4
group, which may be the same or different, is selected
from halogeno, trifluoromethyl, cyano, hydroxy, amino,
(l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
(l-6C)alkoxy, (l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(2-6C)alkanoylamino and
iV-(l-6C)alkyl-(2-6C)alkanoylamino; (p) r is 0 or r is
1 or 2 and each R4 group, which may be the same or
different, is selected from fluoro, chloro,
trifluoromethyl, cyano, hydroxy, amino, methyl,
methoxy, methylamino and dimethylamino; (q) r is 0 or
r is 1 and the R4 group is selected from fluoro,
chloro, trifluoromethyl, hydroxy, amino, methyl,
methoxy, methylamino and dimethylamino; (r) r is 0 or
r is 1 and the R4 group is selected from fluoro,
chloro and methyl; (s) the X Q1 group is located at
the 3- or 4-position; (t) the X Q1 group is located at
the 3-position;(u) the X -Q group is located at the
4-position; (v) X1 is selected from N(R13)CO,
CON(R13), N(R13)CON(R13), N(R13)COC(R13)2O,
N(R13)COC(R13)2N(R13) and N(R13)COC(R13)2N(R13)CO,
wherein R13 is hydrogen or (l-8C)alkyl; (w) X1 is
selected from CO, N(R13)CO, CON(R13), N(R13)CON(R13),
N(R13)COC(R13)2O, N(R13)COC(R13)2N(R13) and
N(R13)COC(R13)2N(R13)CO, wherein R13 is hydrogen or
(l-8C)alkyl; (x) X1 is selected from NHCO, NHCONH,
NHCOCH2O, NHCOCH2NH and NHCOCH 2NHCO; (y) X1 is
selected from CO, NHCO, N(Me)CO, CONH, CON(Me),
NHCONH, NHCOCH2O, NHCOCH2NH and NHCOCH 2NHCO; (z) X1
is selected from NHCO, NHCONH and NHCOCH2O; (aa) X1 is
selected from NHCO, N(Me)CO, CONH, CON(Me), NHCONH and
NHCOCH2O; (bb) X1 s NHCO; (cc) X1 is NHCO or N(Me)CO;
(dd) X1 is CONH; (ee) X1 is CONH or CON(Me); (ff) X1
is CO; (gg) Q1 is (l-8C)alkyl, (2-8C)alkenyl,
(2-8C)alkynyl, halogeno-(l-6C)alkyl,
hydroxy-(l-6C)alkyl, mercapto-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
aniino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl,
(l-6C)alkylthio-(l-6C)alkyl,
(l-6C)alkylsulphinyl-(l-6C)alkyl,
(l-6C)alkylsulphonyl-(l-6C)alkyl or
(2-6C)alkanoylamino-(l-6C)alkyl, or Q1 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, and wherein any CH, CH or
CH3 group within the Q1 group optionally bears on each
said CH, CH2 or CH3 group one or more halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, amino, cyano, carboxy, carbamoyl,
ureido, (l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, iV-(l-6C)alkylcarbamoyl,
iV,N-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoylamino
andJV-(l-6C)alkyl-(2-6C)alkanoylamino, and wherein any
aryl, (3-8C)cycloalkyl, heteroaryl or heterocyclyl
group within the Q1 group optionally bears 1, 2 or 3
substituents, which may be the same or different,
selected from halogeno, trifluoromethyl, cyano,
hydroxy, amino, (l-8C)alkyl, (2-8C)alkenyl,
(2-8C)alkynyl, (l-6C)alkoxy, (l-6C)alkylamino and
di-[(l-6C)alkyl]amino, or from a group of the formula
: - X7 - R14 wherein X7 is a direct bond or is
selected from O and N(R15), wherein R15 is hydrogen or
(l-8C)alkyl, and R14 is hydroxy-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl or
di-[(l-6C)alkyl]amino-(l-6C)alkyl, and wherein any
heterocyclyl group within the Q1 group optionally
bears 1 or 2 oxo or thioxo substituents; (hh) Q1 is
(l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl,
halogeno-(l-6C)alkyl, hydroxy-(l-6C)alkyl,
mercapto-(l-6C)alkyl, (l-6C)alkoxy-(l-6C)alkyl,
cyano-(l-6C)alkyl, 



aniino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl,
(l-6C)alkylthio-(l-6C)alkyl,
(l-6C)alkylsulphinyl-(l-6C)alkyl,
(l-6C)alkylsulphonyl-(l-6C)alkyl or
(2-6C)alkanoylamino-(l-6C)alkyl, or Q1 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, and wherein any CH, CH2 or
CH3 group within the Q1 group optionally bears on each
said CH, CH2 or CH group one or more halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, amino, cyano, carboxy, carbamoyl,
ureido, (l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino, (l-
C)alkoxycarbonyl, 7V-(l-6C)alkylcarbamoyl, ,
-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoylamino and
-(l-6C)alkyl-(2-6C)alkanoylamino, and wherein any
aryl, (3-8C)cycloalkyl, heteroaryl or heterocyclyl
group within the Q1 group optionally bears 1, 2 or 3
substituents, which may be the same or different,
selected from halogeno, trifluoromethyl, cyano,
hydroxy, amino, carbamoyl, (l-8C)alkyl, (2-8C)alkenyl,
(2-8C)alkynyl, (l-6C)alkoxy, (l-6C)alkylamino and
di-[(l-6C)alkyl]amino, or from a group of the formula
: - X7 - R14 wherein X7 is a direct bond or is
selected from O and N(R15), wherein R15 is hydrogen or
(l-8C)alkyl, and R14 is hydroxy-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl,
cyano-(l-6C)alkyl,amino-(l-6C)alkyl,
(l-6C)alkylamino-(l-6C)alkyl or
di-[(l-6C)alkyl]amino-(l-6C)alkyl, or from a group of
the formula : - X8- Q5 wherein X is a direct bond or
is selected from O, CO and N(R17\), wherein R is
hydrogen or (l-8C)alkyl, and Q5 is heterocyclyl or
heterocyclyl-(l-6C)alkyl which optionally bears 1 or 2
substituents, which may be the same or different,
selected from halogeno, hydroxy, (l-8C)alkyl and
(l-6C)alkoxy, and wherein any heterocyclyl group
within the Q1 group optionally bears 1 or 2 oxo or
thioxo substituents; (ii) Q1 is (l-8C)alkyl,
hydroxy-(l-6C)alkyl, (l-6C)alkoxy-(l-6C)alkyl,
cyano-(l-6C)alkyl, amino-(l-6C)alkyl,
(l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl,
(l-6C)alkylthio-(l-6C)alkyl or
(2-6C)alkanoylamino-(l-6C)alkyl, or Q1 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl or
heterocyclyl-(l-6C)alkyl, and wherein any CH, CH2 or
CH3 group within the Q1 group optionally bears on each
said CH, CH2 or CH3 group 1, 2 or 3 halogeno or
(l-8C)alkyl substituents and/or a substituent selected
from hydroxy, amino, cyano, carboxy, carbamoyl,
ureido, (l-6C)alkoxy, (l-6C)alkylthio,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
(l-6C)alkoxycarbonyl, iV~(l-6C)alkylcarbamoyl,
iV,iV-di-[(l~6C)alkyl]carbamoyl,(2-6C)alkanoylamino
and -(l-6C)alkyl-(2-6C)alkanoylamino, and wherein any
aryl, (3-8C)cycloalkyl, heteroaryl or heterocyclyl
group within the Q1 group optionally bears 1 or 2
substituents, which may be the same or different,
selected from halogeno, trifluoromethyl, cyano,
hydroxy, amino, (l-8C)alkyl, (l- C)alkoxy,
(l-6C)alkylamino and di-[(l-6C)alkyl]amino, or from a
group of the formula : - X7 - R14 wherein X7 is a
direct bond and R14 is hydroxy-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl or
di-[(l-6C)alkyl]amino-(l-6C)alkyl; (jj) Q1 is
(l-8C)alkyl, hydroxy-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, amino-(l-6C)alkyl,
(l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl or
(l-6C)alkylthio-(l-6C)alkyl, or Q1 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, heteroaryl,
heteroaryl-(l-6C)alkyl, heterocyclyl
orheterocyclyl-(l-6C)alkyl, and wherein any aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within the Q1 group optionally bears 1 or 2
substituents, which may be the same or different,
selected from halogeno, trifluoromethyl, hydroxy,
amino, (l-8C)alkyl, (l-6C)alkoxy, (l-6C)alkylamino,
di-[(l-6C)alkyl]amino, hydroxy-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl and
di-[(l-6C)alkyl]amino-(l-6C)alkyl; (kk) Q1 is
(l-8C)alkyl, hydroxy-(l-6C)alkyl,
(l-6C)alkoxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl,
(l-6C)alkylsulphonyl-(l-6C)alkyl or
(2-6C)alkanoylamino-(l-6C)alkyl, or Q1 is aryl,
aryl-(l-6C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(l-6C)alkyl, heteroaryl, heteroaryl-
(l-6C)alkyl, heterocyclyl or heterocyclyl-(l-6C)alkyl,
and wherein any CH, CH2 or CH group within the Q1
group optionally bears on each said CH, CH2 or CH3
group a substituent selected from hydroxy, amino,
cyano, carbamoyl, (l- C)alkoxy, (l-6C)alkylsul rhonyl,
(l-6C)alkylamino, di-[(l-6C)alkyl] amino,
(l-6C)alkoxycarbonyl, -(l-6C)alkylcarbamoyl,
L/rJV-di-[(l-6C)alkyl]carbamoyl, (2-6C)alkanoyl,
(2-6C)alkanoylamino and
-(l-6C)alkyl-(2-6C)alkanoylamino, and wherein any
aryl, (3-8C)cycloalkyl, heteroaryl or heterocyclyl
group within the Q1 group optionally bears 1 or 2
substituents, which may be the same or different,
selected from halogeno, trifluoromethyl, hydroxy,
amino, carbamoyl, (l-8C)alkyl, (l-6C)alkoxy,
(l-6C)alkylamino, di-[(l-6C)alkyl]amino,
hydroxy-(l-6C)alkyl, cyano-(l-6C)alkyl,
amino-(l-6C)alkyl, (l-6C)alkylamino-(l-6C)alkyl,
di-[(l-6C)alkyl]amino-(l-6C)alkyl and
heterocyclyl-(l-6C)alkyl; (11) Q1 is methyl, ethyl,
propyl, butyl, pentyl, aminomethyl, 2-aminoethyl,
3-aminopropyl, 4-aminobutyl, 5-aminopentyl,
methylaminomethyl, 2-methylaminoethyl,
3-methylaminopropyl, 4-methylaminobutyl,
5-methylaminopentyl, ethylaminomethyl,
2-ethylaminoethyl, 3-ethylaminopropyl,
4-ethylaminobutyl, 5-ethylaminopentyl,
dimethylaminomethyl, 2-dimethylaminoethyl,
3-dimethylaminopropyl, 4-dimethylaminobutyl,
5-dimethylaminopentyl, diethylaminomethyl,
2-diethylaminoethyl, 3-diethylaminopropyl,
4-diethylaminobutyl or 5-diethylaminopentyl, or Q1 is
phenyl, benzyl, 2-phenylethyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclopentylmethyl,
cyclohexylmethyl, cycloheptylmethyl, furyl, thienyl,
oxazolyl, imidazolyl, thiazolyl, oxadiazolyl,
thiadiazolyl, pyridyl, pyrimidinyl, furylmethyl,
thienylmethyl, oxazolylmethyl, imidazolylmethyl,
thiazolylmethyl, oxadiazolylmethyl,
thiadiazolylmethyl, pyridylmethyl, pyrimidinylmethyl,
tetrahydrofuranyl,tetrahydropyranyl,
tetrahydrothiopyranyl, pyrrolinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, morpholinyl,
tetrahydro-l,4-thiazinyl, piperidinyl,
homopiperidinyl, piperazinyl, homopiperazinyl,
2-azabicyclo[2.2.1]heptyl, indolinyl, isoindolinyl,
dihydropyridinyl, tetrahydrofuranylmethyl,
tetrahydropyranylmethyl, tetrahydrothiopyranylmethyl,
pyrrolinylmethyl, pyrrolidinylmethyl,
imidazolidinylmethyl, pyrazolidinylmethyl,
morpholinylmethyl, 2-(morpholinyl)ethyl, tetrahydro-1
,4-thiazinylmethyl, 2-(tetrahydro-
1,4-thiazinyl)ethyl, piperidinylmethyl,
2-(piperidinyl)ethyl, homopiperidinylmethyl,
piperazinylmethyl, 2-(piperazinyl)ethyl,
homopiperazinylmethyl or 2-azabicyclo[2.2.
l]heptylmethyl, and wherein any aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within the Q1 group optionally bears 1 or 2
substituents, which may be the same or different,
selected from fluoro, chloro, trifluoromethyl,
hydroxy, amino, methyl, ethyl, methoxy, ethoxy,
methylamino, dimethylamino, hydroxymethyl,
2-hydroxyethyl, aminomethyl, 2-aminoethyl,
methylaminomethyl, 2-methylaminoethyl,
dimethylaminomethyl and 2-dimethylaminoethyl; (mm) Q1
is methyl, ethyl, propyl, isopropyl, butyl, pentyl,
allyl, 2-hydroxyethyl, 3-hydroxypropyl,
2-methoxyethyl, 3-methoxypropyl, 2-ethoxyethyl,
3-ethoxypropyl, cyanomethyl, 2-cyanoethyl,
3-cyanopropyl, 1-cyano-l-methylethyl, 4-cyanobutyl,
5-cyanopentyl, aminomethyl, 2-aminoethyl,
3-aminopropyl, 4-aminobutyl, 5-aminopentyl,
methylaminomethyl, 2-methylaminoethyl,
3-methylaminopropyl, 4-methylaminobutyl,
5-methylaminopentyl, ethylaminomethyl,
2-ethylaminoethyl, 3-ethylaminopropyl,
4-ethylaminobutyl, 5-ethylaminopentyl,
1-isopropyl-l-methylaminomethyl, dimethylaminomethyl,
2-dimethylaminoethyl, 3-dimethylaminopropyl,
4-dimethylaminobutyl, 5-dimethylaminopentyl,
diethylaminomethyl, 2-diethylaminoethyl,
3-diethylaminopropyl, 4-diethylaminobutyl,
5-diethylaminopentyl, 2-methylsulphonylethyl,
3-methylsulphonylpropyl, acetamidomethyl or
1-acetamidoethyl, or Q1 is phenyl, benzyl,
2-phenylethyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl,
cycloheptylmethyl, furyl, thienyl, oxazolyl,
isoxazolyl, imidazolyl, pyrazolyl, thiazolyl,
triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl,
pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl,
furylmethyl, 2-furylethyl, thienylmethyl,
2-thienylethyl, oxazolylmethyl, 2-oxazolylethyl,
isoxazolylmethyl, 2-isoxazolylethyl, imidazolylmethyl,
2-imidazolylethyl, pyrazolylmethyl, 2-pyrazolylethyl,
thiazolylmethyl, 2-thiazolylethyl, triazolylmethyl,
2-triazolylethyl, oxadiazolylmethyl,
2-oxadiazolylethyl,
thiadiazolylmethyl,2-thiadiazolylethyl,
tetrazolylmethyl, 2-tetrazolylethyl, pyridylmethyl,
2-pyridylethyl, pyrazinylmethyl, 2-pyrazinylethyl,
pyridazinylmethyl, 2-pyridazinylethyl,
pyrimidinylmethyl, 2-pyrimidinylethyl,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydrothiopyranyl, azetidinyl, pyrrolinyl,
pyrrolidinyl, imidazolidinyl, pyrazolidinyl,
morpholinyl, tetrahydro-l,4-thiazinyl, piperidinyl,
homopiperidinyl, piperazinyl, homopiperazinyl,
2-azabicyclo[2.2.1]heptyl, indolinyl, isoindolinyl,
dihydropyridinyl, tetrahydrofuranylmethyl,
tetrahydropyranylmethyl, tetrahydrothiopyranylmethyl,
1,3-dioxolanylmethyl, 1,4-dioxanylmethyl,
pyrrolinylmethyl, pyrrolidinylmethyl,
imidazolidinylmethyl, pyrazolidinylmethyl,
morpholinylmethyl, 2-(morpholinyl)ethyl, tetrahydro-
1,4-thiazinylmethyl, 2-(tetrahydro-
1,4-thiazinyl)ethyl, piperidinylmethyl,
2-(piperidinyl)ethyl, homopiperidinylmethyl,
piperaziny.lmethyl, 2-(piperazinyl)ethyl,
homopiperazinylmethyl or
2-azabicyclo[2.2.1]heptylmethyl, and wherein any CH,
CH or CH3 group within the Q1 group optionally bears
on each said CH, CH2 or CH3 group a substituent
selected from hydroxy, amino, cy.ano, carbamoyl,
methoxy, ethoxy, methylsulphonyl, methylamino,
ethylamino, dimethylamino, diethylamino,
methoxycarbonyl, ethoxycarbonyl, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV-isopropylcarbamoyl, ,
-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,acetyl,
propionyl, butyryl, pivaloyl, acetamido, propionamido
and iV-methylacetamido, and wherein any aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within the Q1 group optionally bears 1 or 2
substituents, which may be the same or different,
selected from fluoro, chloro, trifluoromethyl,
hydroxy, amino, carbamoyl, methyl, ethyl, methoxy,
ethoxy, methylamino, dimethylamino, hydroxymethyl,
2-hydroxyethyl, methoxymethyl, 2-methoxyethyl,
cyanomethyl, 2-cyanoethyl, aminomethyl, 2-aminoethyl,
methylaminomethyl, 2-methylaminoethyl,
dimethylaminomethyl, 2-dimethylaminoethyl,
pyrrolidinylmethyl, morpholinylmethyl,
piperidinylmethyl, homopiperidinylmethyl,
piperazinylmethyl and homopiperazinylmethyl; (nn) Q1
is methyl, ethyl, propyl, butyl, pentyl, aminomethyl,
2-aminoethyl, 3-aminopropyl, 4-aminobutyl,
5-aminopentyl, methylaminomethyl, 2-methylaminoethyl,
3-methylaminopropyl, 4-methylaminobutyl,
5-methylaminopentyl, dimethylaminomethyl,
2-dimethylaminoethyl, 3-dimethylaminopropyl,
4-dimethylaminobutyl or 5-dimethylaminopentyl, or Q1
is phenyl, benzyl, 2-phenylethyl, cyclopentyl,
cyclohexyl, cyclopentylmethyl, cyclohexylmethyl,
thienyl, imidazolyl, thiazolyl, thiadiazolyl,
thienylmethyl, imidazolylmethyl, thiazolylmethyl,
thiadiazolylmethyl,
tetrahydrofuranyl,tetrahydropyranyl,
tetrahydrothiopyranyl, pyrrolinyl, pyrrolidinyl,
morpholinyl, tetrahydro-l,4-thiazinyl, piperidinyl,
homopiperidinyl, piperazinyl, homopiperazinyl,
indolinyl, isoindolinyl, pyrrolidinylmethyl,
morpholinylmethyl, 2-(morpholinyl)ethyl,
piperidinylmethyl, 2-(piperidinyl)ethyl,
homopiperidinylmethyl, piperazinylmethyl,
2-(piperazinyl)ethyl, homopiperazinylmethyl or
2-azabicyclo[2.2.1]heptylmethyl, and wherein any aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within the Q1 group optionally bears a substituent
selected from fluoro, chloro, trifluoromethyl,
hydroxy, amino, methyl, methoxy, methylamino and
dimethylamino and any such aryl, (3-8C)cycloalkyl,
heteroaryl or heterocyclyl group within the Q1 group
optionally bears a further substituent selected from
aminomethyl, methylaminomethyl and
dimethylaminomethyl; (oo) Q1 is methyl, ethyl, propyl,
isopropyl, butyl, pentyl, allyl, 2-methoxyethyl,
3-methoxypropyl, 2-ethoxyethyl, 3-ethoxypropyl,
cyanomethyl, 2-cyanoethyl, 3-cyanopropyl,
1-cyano-l-methylethyl, 4-cyanobutyl, 5-cyanopentyl,
aminomethyl, 2-aminoethyl, 3-aminopropyl,
4-aminobutyl, 5-aminopentyl, methylaminomethyl,
2-methylaminoethyl, 



3-methylaminopropyl, 4-methylaminobutyl,
5-methylaminopentyl, ethylaminomethyl,
2-ethylaminoethyl, 3-ethylaminopropyl,
4-ethylaminobutyl, 5-ethylaminopentyl,
dimethylaminomethyl, 2-dimethylaminoethyl,
3-dimethylaminopropyl, 4-dimethylaminobutyl,
5-dimethylaminopentyl, diethylaminomethyl,
2-diethylaminoethyl, 3-diethylaminopropyl,
4-diethylaminobutyl, 5-diethylaminopentyl,
2-methylsulphonylethyl or acetamidomethyl, or Q1 is
phenyl, benzyl, 2-phenylethyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, cyclohexylmethyl, furyl, thienyl,
oxazolyl, isoxazolyl, imidazolyl, pyrazolyl,
thiazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
tetrazolyl, pyridyl, pyrazinyl, pyridazinyl,
pyrimidinyl, furylmethyl, thienylmethyl,
oxazolylmethyl, isoxazolylmethyl, imidazolylmethyl,
2-imidazolylethyl, pyrazolylmethyl, thiazolylmethyl,
triazolylmethyl, oxadiazolylmethyl,
thiadiazolylmethyl, tetrazolylmethyl, pyridylmethyl,
2-pyridylethyl, pyrazinylmethyl, 2-pyrazinylethyl,
pyridazinylmethyl, 2-pyridazinylethyl,
pyrimidinylmethyl, 2-pyrimidinylethyl,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydrothiopyranyl, azetidinyl, pyrrolinyl,
pyrrolidinyl, morpholinyl, tetrahydro-l,4-thiazinyl,
piperidinyl, homopiperidinyl, piperazinyl,
homopiperazinyl, indolinyl, isoindolinyl,
tetrahydrofuranylmethyl, tetrahydropyranylmethyl,
1,3-dioxolanylmethyl, 1,4-dioxanylmethyl,
pyrrolidinylmethyl, morpholinylmethyl,
2-(morpholinyl)ethyl, piperidinylmethyl,
2-(pireridinyl)ethyl, homopiperidinylmethyl,
piperazinylmethyl,2-(piperazinyl)ethyl or
homopiperazinylmethyl, and wherein any CH, CH2 or CH3
group within the Q1 group optionally bears on each
said CH, CH2 or CH3 group a substituent selected from
hydroxy, amino, cyano, carbamoyl, methoxy, ethoxy,
methylsulphonyl, methylamino, dimethylamino,
methoxycarbonyl, ethoxycarbonyl, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV-isopropylcarbamoyl,
N,LT-dimethylcarbamoyl, acetyl, propionyl, pivaloyl,
acetamido and iV-methylacetamido, and wherein any
aryl, (3-8C)cycloalkyl, heteroaryl or heterocyclyl
group within the Q1 group optionally bears 1 or 2
substituents, which may be the same or different,
selected from fluoro, chloro, trifluoromethyl,
hydroxy, amino, carbamoyl, methyl, methoxy,
methylamino and dimethylamino and any such aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within the Q1 group optionally bears a substituent
selected from hydroxymethyl, methoxymethyl,
cyanomethyl, aminomethyl, methylaminomethyl,
dimethylaminomethyl, pyrrolidinylmethyl,
morpholinylmethyl, piperidinylmethyl and
piperazinylmethyl; (pp) the X Q1 group is an a-amino
carboxamido group; (qq) the X Q1 group is a
naturally-occurring a-amino carboxamido group; and
(rr) the X Q1 group is selected from glycylamino,
sarcosylamino, (iV^V-dimethylglycyl)amino,
glycylglycylamino, L-alanylamino, 2-methylalanylamino,
( -methylalanyl)amino, (2S)-2-aminobutanoylamino,
L-valylamino, ( -methyl-L-valyl)amino,
2-aminopent-4-ynoylamino, 2-aminopentanoylamino,
L-isoleucylamino, L-leucylamino,
2-methyl-L-leucylamino, ( -methyl-L-leucyl)amino,
serylamino, (O-methyl-L-seryl)amino, (
-methyl-L-seryl)amino, (O-methyl-L-homoseryl)amino,
L-threonylamino, (S-methyl-L-cysteinyl)amino,
(5-methyl-L-homocysteinyl)amino, L-methionylamino,
(iV-methyl-L-lysyl)amino, (iV-methyl-L-ornithyl)amino,
D-asparaginylamino, D-glutaminylamino, L-tyrosylamino,
prolylamino and histidylamino. A particular compound
of the invention is a pyrimidine derivative of the
Formula I wherein :- p is 1 or 2, and a first R1 group
is selected from hydroxy, carbamoyl, acetamido,
propionamido, -methylacetamido, iV-methylpropionamido,
hydroxymethyl, 1-hydroxyethyl and
1-hydroxy-l-methylethyl, and the optional second R1
group is selected from fluoro, chloro,
trifluoromethyl, cyano, hydroxy, methyl, ethyl,
methoxy and ethoxy; R2 is hydrogen or methyl;q is 0 or
q is 1 and the R3 group is methyl; r is 0 or r is 1
and the R4 group is selected from fluoro, chloro,
trifluoromethyl, hydroxy, amino, methyl, methoxy,
methylamino and dimethylamino; the X Q1 group is
located at the 3-position; X1 is selected from NHCO,
NHCONH, NHCOCH2O, NHCOCH2NH and NHCOCH 2NHCO; and Q1
is methyl, ethyl, propyl, butyl, pentyl, aminomethyl,
2-aminoethyl, 2-amino-2-methylpropyl, 3-aminopropyl,
4-aminobutyl, 5-aminopentyl, methylaminomethyl,
2-methylaminoethyl, 3-methylaminopropyl,
4-methylaminobutyl, 5-methylaminopentyl,
dimethylaminomethyl, 2-dimethylaminoethyl,
3-dimethylaminopropyl, 4-dimethylaminobutyl or
5-dimethylaminopentyl, or Q1 is phenyl, benzyl,
2-phenylethyl, cyclopentyl, cyclohexyl,
cyclopentylmethyl, cyclohexylmethyl, thienyl,
imidazolyl, thiazolyl, thiadiazolyl, thienylmethyl,
imidazolylmethyl, thiazolylmethyl, thiadiazolylmethyl,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydrothiopyranyl, pyrrolinyl, pyrrolidinyl,
morpholinyl, tetrahydro-l,4-thiazinyl, piperidinyl,
homopiperidinyl, piperazinyl, homopiperazinyl,
indolionyl, isoindolinyl, pyrrolidinylmethyl,
morpholinylmethyl, 2-(morpholinyl)ethyl,
piperidinylmethyl, 2-(piperidinyl)ethyl,
piperidinyloxymethyl, homopiperidinylmethyl,
piperazinylmethyl, 2-(piperazinyl)ethyl,
homopiperazinylmethyl or 2-azabicyclo[2.2.
l]heptylmethyl, and wherein any aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within the Q1 group optionally bears a substituent
selected from fluoro, chloro, trifluoromethyl,
hydroxy, amino, methyl, methoxy, methylamino and
dimethylamine and any such aryl, (3-8C)cycloalkyl,
heteroaryl or heterocyclyl group within the Q1 group
optionally bears a further substituent selected from
aminomethyl, methylaminomethyl and
dimethylaminomethyl; or a pharmaceutically-acceptable
salt, solvate or pro-drug thereof. A further
particular compound of the invention is a pyrimidine
derivative of the Formula I wherein :- p is 1 or 2,
and a first R1 group is selected from hydroxy,
carbamoyl, acetamido, propionamido,
iV-methylacetamido, iV-methylpropionamido,
hydroxymethyl, 1-hydroxyethyl and
1-hydroxy-l-methylethyl, and the optional second R1
group is selected from fluoro, chloro,
trifluoromethyl, cyano, hydroxy, methyl, ethyl,
methoxy and ethoxy; R2 is hydrogen or methyl;q is 0 or
q is 1 and the R3 group is methyl; r is 0 or r is 1
and the R4 group is selected from fluoro, chloro and
methyl; the X -Q' group is located at the 3- or
4-position; X1 is selected from CO, NHCO, N(Me)CO,
CONH, CON(Me), NHCONH, NHCOCH2O, NHCOCH2NH and
NHCOCH2NHCO; and Q1 is methyl, ethyl, propyl,
isopropyl, butyl, pentyl, allyl, 2-methoxyethyl,
3-methoxypropyl, 2-ethoxyethyl, 3-ethoxypropyl,
cyanomethyl, 2-cyanoethyl, 3-cyanopropyl,
1-cyano-l-methylethyl, 4-cyanobutyl, 5-cyanopentyl,
aminomethyl, 2-aminoethyl, 3-aminopropyl,
4-aminobutyl, 5-aminopentyl, methylaminomethyl,
2-methylaminoethyl, 3-methylaminopropyl,
4-methylaminobutyl, 5-methylaminopentyl,
ethylaminomethyl, 2-ethylaminoethyl,
3-ethylaminopropyl, 4-ethylaminobutyl,
5-ethylaminopentyl, dimethylaminomethyl,
2-dimethylaminoethyl, 3-dimethylaminopropyl,
4-dimethylaminobutyl, 5-dimethylaminopentyl,
diethylaminomethyl, 2-diethylaminoethyl,
3-diethylaminopropyl, 4-diethylaminobutyl,
5-diethylaminopentyl, 2-methylsulphonylethyl or
acetamidomethyl, or Q1 is phenyl, benzyl,
2-phenylethyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, cyclohexylmethyl, furyl, thienyl,
oxazolyl, isoxazolyl, imidazolyl, pyrazolyl,
thiazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
tetrazolyl, pyridyl, pyrazinyl, pyridazinyl,
pyrimidinyl, furylmethyl, thienylmethyl,
oxazolylmethyl, isoxazolylmethyl, imidazolylmethyl,
2-imidazolylethyl, pyrazolylmethyl, thiazolylmethyl,
triazolylmethyl, oxadiazolylmethyl,
thiadiazolylmethyl, tetrazolylmethyl, pyridylmethyl,
2-pyridylethyl, pyrazinylmethyl, 2-pyrazinylethyl,
pyridazinylmethyl, 2-pyridazinylethyl,
pyrimidinylmethyl, 2-pyrimidinylethyl,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydrothiopyranyl, azetidinyl, pyrrolinyl,
pyrrolidinyl, morpholinyl, tetrahydro-l,4-thiazinyl,
piperidinyl, homopiperidinyl, piperazinyl,
homopiperazinyl, indolinyl, isoindolinyl,
tetrahydrofuranylmethyl, tetrahydropyranylmethyl,
1,3-dioxolanylmethyl, 1,4-dioxanylmethyl,
pyrrolidinylmethyl, morpholinylmethyl,
2-(morpholinyl)ethyl, piperidinylmethyl,
2-(piperidinyl)ethyl, homopiperidinylmethyl,
piperazinylmethyl, 2-(piperazinyl)ethyl or
homopiperazinylmethyl, and wherein any CH, CH2 or CH3
group within the Q1 group optionally bears on each
said CH, CH2 or CH3 group a substituent selected from
hydroxy, amino, cyano, carbamoyl, methoxy, ethoxy,
methylsulphonyl, methylamino, dimethylamino,
methoxycarbonyl, ethoxycarbonyl, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV-isopropylcarbamoyl,iV,
-dimethylcarbamoyl, acetyl, propionyl, pivaloyl,
acetamido and JV-methylacetamido, and wherein any
aryl, (3-8C)cycloalkyl, heteroaryl or heterocyclyl
group within the Q1 group optionally bears 1 or 2
substituents, which may be the same or different,
selected from fluoro, chloro, trifluoromethyl,
hydroxy, amino, carbamoyl, methyl, methoxy,
methylamino and dimethylamino and any such aryl,
(3-8C)cycloalkyl, heteroaryl or heterocyclyl group
within the Q1 group optionally bears a substituent
selected from hydroxymethyl, methoxymethyl,
cyanomethyl, aminomethyl, methylaminomethyl,
dimethylaminomethyl, pyrrolidinylmethyl,
morpholinylmethyl, piperidinylmethyl and
piperazinylmethyl; or a pharmaceuticaHy-acceptable
salt, solvate or pro-drug thereof. A further
particular compound of the invention is a pyrimidine
derivative of the Formula I wherein :- p is 1 or 2,
and a first R1 group is selected from hydroxy,
carbamoyl, acetamido, propionamido,
iV-methylacetamido,LT-methylpropionamido,
hydroxymethyl, 1-hydroxyethyl and
1-hydroxy-l-methylethyl, and the optional second R1
group is selected from fluoro, chloro,
trifluoromethyl, cyano, hydroxy, methyl, ethyl,
methoxy and ethoxy; R2 is hydrogen or methyl; q is 0
or q is 1 and the R3 group is methyl; r is 0 or r is 1
and the R4 group is selected from fluoro, chloro,
trifluoromethyl, hydroxy, amino, methyl, methoxy,
methylamino and dimethylamino; and the X Q1 group is
located at the 3-position and is selected from
glycylamino, sarcosylamino, ( ^-dimethylglycy^amino,
glycylglycylamino, L-alanylamino, 2-methylalanylamino,
( -methylalanyl)amino, (2S)-2-aminobutanoylamino,
L-valylamino, (Lf-methyl-L-varyl)amino,
2-aminopent-4-ynoylamino, 2-aminopentanoylamino,
L-isoleucylamino, L-leucylamino,
2-methyl-L-leucylamino, ( -methyl-L-leucyl)amino,
serylamino, (O-methyl-L-seryl)amino, (
-methyl-L-seryl)amino, (O-methyl-L-homoseryl)amino,
L-threonylamino, (S-methyl-L-cysteinyl)amino,
(5-methyl-L-homocysteinyl)amino, L-methionylamino,
(iV-methyl-L-lysyl)amino, ( -methyl-L-ornithyl)amino,
D-asparaginylamino, D-glutaminylamino, L-tyrosylamino,
prolylamino and histidylamino; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A further particular compound of the
invention is a pyrimidine derivative of the Formula I
wherein :-p is 1 and the R1 group is located at the 3-
or 4-position and is selected from hydroxy, carbamoyl,
acetamido, hydroxymethyl, 1-hydroxyethyl and
1-hydroxy-1-methylethyl; R2 is hydrogen; q is 0; r is
0; the X -Q group is located at the 3-position; X1 is
NHCO; and Q1 is methyl, aminomethyl, 2-aminopropyl,
2-amino-2-methylpropyl, 4-aminobutyl, 5-aminopentyl,
methylaminomethyl, dimethylaminomethyl or
5-dimethylaminopentyl, or Q1 is phenyl, benzyl,
2-phenylethyl, cyclopentyl, cyclohexyl,
cyclohexylmethyl, thiazol-5-yl, thien-3-ylmethyl,
imidazol-1-ylmethyl, l,2,4-thiadiazol-3-ylmethyl,
tetrahydropyran-4-yl, tetrahydrothiopyran-4-yl,
3-pyrrolin-2-yl, pyrrolidin-2-yl, pyrrolidin-3-yl,
morpholin-2-yl, piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, isoindolin-1-yl,
pyrrolidin-2-ylmethyl, piperidin-4-ylmethyl,
2-(piperidin-4-yl)ethyl, piperidin-4-yloxymethyl,
piperazin-1-ylmethyl or
2-azabicyclo[2.2.1]hept-2-ylmethyl, and wherein any
aryl, (3-8C)cycloalkyl, heteroaryl or heterocyclyl
group within the Q1 group optionally bears a
substituent selected from amino, methyl, methylamino
and 



aminomethyl; or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof. A further particular
compound of the invention is a pyrimidine derivative
of the Formula I wherein :- p is 1 and the R1 group is
located at the 3- or 4-position and is selected from
hydroxy, acetamido, hydroxymethyl, 1-hydroxyethyl and
1-hydroxy-l-methylethyl; R2 is hydrogen; q is 0; r is
0 or r is 1 and the R4 group is selected from fluoro,
chloro and methyl; the X -Q group is located at the 3-
or 4-position; X1 is NHCO, N(Me)CO, CONH or CON(Me);
and Q1 is methyl, ethyl, propyl, isopropyl,
2-ethoxyethyl, 3-ethoxypropyl, cyanomethyl,
2-cyanoethyl, aminomethyl, 2-aminoethyl,
methylaminomethyl, 2-methylaminoethyl,
ethylaminomethyl, 2-ethylaminoethyl,
dimethylaminomethyl, 2-dimethylaminoethyl,
4-dimethylaminobutyl, 2-methylsulphonylethyl or
acetamidomethyl, or Q1 is phenyl, benzyl,cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, cyclohexylmethyl, oxazol-5-yl,
isoxazol-3-yl, isoxazol-4-yl, imidazol-2-yl,
imidazol-4-yl, pyrazol-3-yl, thiazol-5-yl,
l,2,3-triazol-5-yl, tetrazol-5-yl, pyridin-2-yl,
pyridin-3-yl, pyridin-4-yl, pyrazin-2-yl,
pyridazin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
thien-3-ylmethyl, oxazol-4-ylmethyl,
isoxazol-3-ylmethyl, isoxazol-4-ylmethyl,
imidazol-1-ylmethyl, imidazol-2-ylmethyl,
2-imidazol-l-ylethyl, 2-imidazol-2-ylethyl,
2-imidazol-4-ylethyl, pyrazol-1-ylmethyl,
pyrazol-3-ylmethyl, 1,2,3-triazol-l-ylmethyl,
1,2,3-triazol-4-ylmethyl, 1,2,4-oxadiazol-3-ylmethyl,
1,2,3-thiadiazol-3-ylmethyl, tetrazol-1-ylmethyl,
tetrazol-5-ylmethyl, pyridin-2-ylmethyl,
pyridin-3-ylmethyl, pyridin-4-ylmethyl,
2-pyridin-2-ylethyl, 2-pyridin-3-ylethyl,
2-pyridin-4-ylethyl, pyrazin-2-ylmethyl,
2-pyrazin-2-ylethyl, pyridazin-4-ylmethyl,
2-pyridazin-4-ylethyl, pyrimidin-2-ylmethyl,
pyrimidin-4-ylmethyl, 2-pyrimidin-2-ylethyl,
2-pyrimidin-4-ylethyl, tetrahydrofuran-2-yl,
tetrahydropyran-4-yl, tetrahydrothiopyran-4-yl,
azetidin-2-yl, 3-pyrrolin-2-yl, pyrrolidin-1-yl,
pyrrolidin-2-yl, pyrrolidin-3-yl, morpholino,
morpholin-2-yl, piperidino, piperidin-2-yl,
piperidin-3-yl, piperidin-4-yl, piperazin-1-yl,
isoindolin-1-yl, tetrahydrofuran-2-ylmethyl,
tetrahydropyran-4-ylmethyl, 1,3-dioxolan-2-ylmethyl,
l,4-dioxan-2-ylmethyl, pyrrolidin-2-ylmethyl,
piperidin-2-ylmethyl, piperidin-3-ylmethyl,
piperidin-4-ylmethyl, 2-(piperidin-4-yl)ethyl,
piperidin-4-yloxymethyl, piperazin-1-ylmethyl or
2-(piperazin-l-yl)ethyl, and wherein any CH, CH2 or CH
group within the Q1 group optionally bears on each
said CH, CH or CH group a substituent selected from
hydroxy, carbamoyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylcarbamoyl, iV-ethylcarbamoyl,
iV-isopropylcarbamoyl, ,iV-dimethylcarbamoyl, acetyl,
propionyl, pivaloyl, acetamido and iV-methylacetamido,
and wherein any aryl, (3-8C)cycloalkyl, heteroaryl or
heterocyclyl group within the Q1 group optionally
bears 1 or 2 substituents, which may be the same or
different, selected from fluoro, chloro, hydroxy,
amino, carbamoyl, methyl, methylamino, dimethylamino,
hydroxymethyl, methoxymethyl, cyanomethyl,
aminomethyl, methylaminomethyl, dimethylaminomethyl
and l-methylpiperidin-4-ylmethyl; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A further particular compound of the
invention is a pyrimidine derivative of the Formula I
wherein :- p is 1 and R1 is a hydroxy or hydroxymethyl
group that is located at the 3-position;R2 is
hydrogen; q is O; r is O; and the X1-Q1 group is
located at the 3-position and is selected from
glycylamino, glycylglycylamino, L-alanylamino,
(2S)-2-aminobutanoylamino, L-isoleucylamino,
L-leucylamino, 2-methyl-L-leucylamino and (
-methyl-L-leucyl)amino; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A further particular compound of the
invention is a pyrimidine derivative of the Formula I
wherein :- p is 1 and R1 is a hydroxy or hydroxymethyl
group that is located at the 3-position; R2 is
hydrogen; q is O; ris O; the X Q1 group is located at
the 3-position; X1 is NHCO; and Q1 is aminomethyl,
2-aminopropyl, 2-amino-2-methylpropyl, 4-aminobutyl,
5-aminopentyl, 3-aminomethylphenyl,
4-aminomethylphenyl, 2-aminocyclopent-l-yl,
4-aminocyclohex-l-yl, 3-aminocyclohex-l-ylmethyl,
4-aminomethylcyclohex-l-yl, imidazol-1-ylmethyl,
5-amino-l ,2,4-thiadiazol-3-ylmethyl, pyrrolidin-3-yl,
LT-methylpyrrolidin-2-yl, piperidin-2-yl,
piperidin-3-yl, piperidin-4-yl,
JV-methylpiperidin-4-y.l, pyrrolidin-2-ylmethyl,
piperidin-4-ylmethyl, 2-(piperidin-4-yl)ethyl,
piperidin-4-yloxymethyl or
4-methylpiperazin-l-ylmethyl, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A further particular compound of the
invention is a pyrimidine derivative of the Formula I
wherein :- p is 1 and R1 is a hydroxy or hydroxymethyl
group that is located at the 3-position; R2 is
hydrogen; q is O; r is 0 or r is 1 and the R4 group is
selected from fluoro and methyl; the X Q1 group is
located at the 3- or 4-position; X1 is NHCO or
N(Me)CO; and Q1 is aminomethyl, methylaminomethyl,
ethylaminomethyl, dimethylaminomethyl,acetamidomethyl,
3-aminomethylphenyl, 4-aminomethylphenyl,
5-methylisoxazol-3-yl, l-methylpyrazol-3-yl,
lH-l,2,3-triazol-5-yl, pyridin-4-yl, pyrazin-2-yl,
2-imidazol-l-ylethyl, 2-imidazol-2-ylethyl,
3,5-dimethyl-l H-pyrazol-l-ylmethyl,
lH-tetrazol-5-ylmethyl, 2-pyridin-3-ylethyl,
2-pyridazin-4-ylethyl, azetidin-2-yl, 3-pyrrolin-2-yl,
-methylpyrrolidin-2-yl, 4-hydroxypyrrolidin-2-yl,
piperidin-3-yl, piperidin-4-yl,
iV-methylpiperidin-4-yl, piperazin-1-yl,
piperidin-3-ylmethyl, piperidin-4-yloxymethyl or
piperazin- 1-ylmethyl; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A further particular compound of the
invention is a pyrimidine derivative of the Formula I
wherein :- p is 1 and R1 is a hydroxy or hydroxymethyl
group that is located at the 3-position; R2 is
hydrogen; q is 0; r is 0 or r is 1 and the R4 group is
selected from fluoro and methyl; the X -Q group is
located at the 3- or 4-position; X1 is CONH or
CON(Me); and Q1 is methyl, ethyl, propyl, isopropyl,
2-ethoxyethyl, 3-ethoxypropyl, cyanomethyl,
1-cyano-l-methylethyl, 2-cyanoethyl, 5-cyanopentyl,
2-aminoethyl, 2-methylaminoethyl,
2-dimethylaminoethyl, 4-dimethylaminobutyl,
2-methylsulphonylethyl, 3-methoxycarbonylpropyl,
carbamoylmethyl, 1-carbamoylethyl, 2-carbamoylethyl,
iV-methylcarbamoylmethyl,iV-isopropylcarbamoylmethyl,i
V, -dimethylcarbamoylmethyl, pivaloylmethyl,
4-aminomethylphenyl, 4-aminobenzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl, thien-3-ylmethyl,
oxazol-4-ylmethyl, 5-methylisoxazol-3-ylmethyl,
isoxazol-4-ylmethyl, lH-imidazol-1-ylmethyl,
lH-imidazol-2-ylmethyl, 2-(l H-imidazol-l-yl)ethyl,
2-(l H-imidazol-2-yl)ethyl, 2-(l
H-imidazol-4-yl)ethyl, pyridin-2-ylmethyl,
pyridin-3-ylmethyl, pyridin-4-ylmethyl,
2-pyridin-2-ylethyl, 2-pyridin-3-ylethyl,
2-pyridin-4-ylethyl, pyrazin-2-ylmethyl,
5-methylpyrazin-2-ylmethyl, tetrahydropyran-4-yl,
tetrahydrothiopyran-4-yl, tetrahydrofuran-2-ylmethyl,
tetrahydropyran-4-ylmethyl, l,3-dioxolan-2-ylmethyl or
l,4-dioxan-2-ylmethyl; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A further particular compound of the
invention is a pyrimidine derivative of theFormula I
wherein :- p is 1 and R1 is a hydroxy or hydroxymethyl
group that is located at the 3-position; R2 is
hydrogen; q is O; r is 0 or r is 1 and the R4 group is
selected from fluoro and methyl; the X Q1 group is
located at the 3- or 4-position; X1 is CO; and Q1 is
2-carbamoylpyrrolidin-l-yl,
2-methoxymethylpyrrolidin-l-yl, 4-aminopiperidin-l-yl,
4-aminomethylpiperidin-l-yl,
3-cyanomethylpiperidin-l-yl, 3-oxopiperazin-l-yl,
4-(l-methylpiperidin-4-ylmethyl)piperazin-l-yl or
5-oxo-1,4-diazepan-1-yl; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A further particular compound of the
invention is a pyrimidine derivative of the Formula I
wherein :- p is 1 and R1 is a hydroxymethyl group that
is located at the 3-position; R2 is hydrogen; q is O;
r is O; the X Q1 group is located at the 3-position;
X1 is NHCO; and Q1 is 3-aminomethylphenyl,
4-aminomethylphenyl, 2-aminocyclopent-l-yl,
4-aminocyclohex-l-yl, 3-aminocyclohex-l-ylmethyl,
piperidin-3-yl, piperidin-4-yl, piperidin-4-ylmethyl
or piperidin-4-yloxymethyl; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A particular compound of the invention is,
for example, the pyrimidine derivative of the Formula
I that is disclosed within Example 1 that is set out
hereinafter. A particular compound of the invention
is, for example, a pyrimidine derivative of the
Formula I selected from :-
2-(3-hydroxymethylphenyl)-6-morpholino-4-(3-piperidin-
4-ylcarbonylaminophenyl)- pyrimidine,
2-(3-hydroxymethylphenyl)-6-morpholino-4-(3-piperidin-
3-ylcarbonylaminophenyl)-
pyrimidine,2-(3-hydroxymethylphenyl)-6-morpholino-4-[3
-(2-piperazin-l-ylacetamido)phenyl]- pyrimidine,
2-(3-hydroxymethylphenyl)-6-morpholino-4-[3-(2-piperid
in-4-yloxyacetamido)phenyl]- pyrimidine and
4-[3-(3-aminomethylbenzamido)phenyl]-2-(3-hydroxymethy
lphenyl)- 6-morpholinopyrimidine; or a
pharmaceutically-acceptable salt, solvate or pro-drag
thereof. A particular compound of the invention is,
for example, a pyrimidine derivative of the Formula I
selected from :-
2-(3-hydroxymethylphenyl)-4-[4-methyl-3-(piperidin-4-y
lcarbonylamino)phenyl] - 6-morpholinopyrimidine,
4-[6-fluoro-3-(piperidin-3-ylcarbonylamino)phenyl]-2-(
3-hydroxymethylphenyl)- 6-morpholinopyrimidine,
4-[4-fluoro-3-(piperidin-3-ylcarbonylamino)phenyl]-2-(
3-hydroxymethylphenyl)- 6-morpholinopyrimidine,
2-(3-hydroxymethylphenyl)-6-morpholino-4-(3-piperazin-
l-ylcarbonylaminophenyl)- pyrimidine,
4-[6-fluoro-3-(piperazin-l-ylcarbonylamino)phenyl]-2-(
3-hydroxymethylphenyl)- 6-morpholinopyrimidine,
2-(3-hydroxyphenyl)-6-morpholino-4-(3-piperidin-3-ylca
rbonylaminophenyl)pyrimidine, 



2-(3-hydroxyphenyl)-6-morpholino-4-(6-fluoro-3-piperid
in-3-ylcarbonylaminophenyl)- pyrimidine,
2-(3-hydroxymethylphenyl)-4-[3-(iV-methyl-
-piperidin-4-ylcarbonylamino)phenyl]-
6-morpholinopyrimidine,
2-(3-hydroxymethylphenyl)-4-{3-[2-(4-methylpiperazin-l
-yl)acetamido]phenyl}- 6-morpholinopyrimidine,
4-{4-[(25)-2-hydroxycyclohexanecarboxamido]phenyl}-2-(
3-hydroxymethylphenyl)- 6-morpholinopyrimidine,
2-(3-hydroxymethylphenyl)-4-{4-[
-(L/r-methylglycyl)amino]phenyl}-
6-morpholinopyrimidine, 4-{4-[
-(L^-ethylglycyl)amino]phenyl}-2-(3-hydroxymethylpheny
l)-6-morpholinopyrimidine, 4-{4-[ -(
-acetylglycyl)amino]phenyl}-2-(3-hydroxymethylphenyl)-
6-morpholinopyrimidine,2-(3-hydroxymethylphenyl)-6-mor
pholino-4-(4-piperidin-3-ylcarbonylaminophenyl)-
pyrimidine, 2-(3-hydroxymethylphenyl)-4-(4-{N-
[(4i?)-4-hydroxy-L-prolyl]amino}phenyl)-
6-morpholinopyrimidine,
4-(4-azetidin-2-ylcarbonylaminophenyl)-2-(3-hydroxymet
hylphenyl)-6-morpholinopyrimidine,
2-(3-hydroxymethylphenyl)-6-morpholino-4-(4-{2-[(35')-
piperidin-3-yl]acetamido}phenyl)- pyrimidine,
2-(3-hydroxymethylphenyl)-6-morpholino-4-[4-(2-piperid
in-4-yloxyacetamido)phenyl]- pyrimidine,
4-[4-(3-aniinomethylbenzamido)phenyl]-2-(3-hydroxymeth
ylphenyl)-6-morpholinopyrimidine,
4-[4-(4-aminomethylbenzan
ido)phenyl]-2-(3-hydroxymethylphenyl)-6-morpholinopyri
midine,
2-(3-hydroxymethylphenyl)-6-morpholino-4-(4-pyrazin-2-
ylcarbonylaminophenyl)pyrimidine and
2-(3-hydroxymethylphenyl)-6-morpholino-4-[4-(3-pyridin
-3-ylpropionamido)phenyl]- pyrimidine; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A particular compound of the invention is,
for example, a pyrimidine derivative of the Formula I
selected from :- 2-(3-hydroxymethylphenyl)-4-{3-[
-(iVr-isopropylcarbamoylmethyl)carbamoyl]phenyl}-
6-morpholinopyrimidine, 4-[3-(
-cyanomethylcarbamoyl)phenyl]-2-(3-hydroxymethylphenyl
)-6-morpholinopyrimidine, 4-{3-[
-(4-aminomethylphenyl)carbamoyl]phenyl}-2-(3-hydroxyme
thylphenyl)- 6-morpholinopyrimidine,
2-(3-hydroxymethylphenyl)-4-{3-[
-(2-imidazol-1-ylethyl)carbamoyl]phenyl }-
6-morpholinopyrimidine,
4-{3-[iV-(4-aminobenzyl)carbamoyl]phenyl}-2-(3-hydroxy
methylphenyl)- 6-morpholinopyrimidine,
2-(3-hydroxymethylphenyl)-4-{3-[ -methyl-
-(4-pyridylmethyl)carbamoyl]phenyl }-
6-morpholinopyrimidine and
2-(3-hydroxymethylphenyl)-4-[4-(L/r-methylcarbamoyl)ph
enyl]-6-morpholinopyrimidine; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A particular compound of the invention is,
for example, a pyrimidine derivative of the Formula I
selected from
:-4-{3-[4-(aminomethyl)piperidin-l-ylcarbonyl]phenyl}-
2-(3-hydroxymethylphenyl)- 6-morpholinopyrimidine,
4-{3-[(2i?)-2-carbamoylpyrrolidin-l-ylcarbonyl]phenyl}
-2-(3-hydroxymethylphenyl)- 6-morpholinopyrimidine,
4-{3-[(25)-2-carbamoylpyrrolidin-l-ylcarbonyl]phenyl}-
2-(3-hydroxyinethylphenyl)- 6-morpholinopyrimidine and
2-(3-hydroxymethylphenyl)-4-{3-[4-(l-methylpiperidin-4
-ylmethyl)piperazin-lylcarbonyl]
phenyl}-6-morpholinopyjrimidine; or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof. A pyrimidine derivative of the Formula I, or
a pharmaceutically-acceptable salt, solvate or
pro-drug thereof, may be prepared by any process known
to be applicable to the preparation of
chemically-related compounds. Such processes, when
used to prepare a pyrimidine derivative of the Formula
I are provided as a further feature of the invention
and are illustrated by the following representative
process variants in which, unless otherwise stated, p,
R , R , q, R3, r, R4, X1 and Q1 have any of the
meanings defined hereinbefore. Necessary starting
materials may be obtained by standard procedures of
organic chemistry. The preparation of such starting
materials is described in conjunction with the
following representative process variants and within
the accompanying Examples. Alternatively necessary
starting materials are obtainable by analogous
procedures to those illustrated which are within the
ordinary skill of an organic chemist. (a) The
reaction, conveniently in the presence of a suitable
catalyst, of a pyrimidine of the Formula II wherein L
is a displace any of the meanings defined hereinbefore
except that any functional group is protected if
necessary, with an organoboron reagent of the Formula
HIwherein each of L1 and L2, which may be the same or
different, is a suitable ligand and p and R1 have any
of the meanings defined hereinbefore except that any
functional group is protected if necessary, whereafter
any protecting group that is present is removed by
conventional means. A suitable displaceable group L
is, for example, a halogeno, alkoxy, aryloxy or
sulphonyloxy group, for example a chloro, bromo,
methoxy, phenoxy, pentafluorophenoxy,
methanesulphonyloxy or toluene-4-sulphonyloxy group. A
suitable value for the ligands L1 and L2 which are
present on the boron atom of the aryl-boron reagent
include, for example, a hydroxy, (l-4C)alkoxy or
(l-6C)alkyl ligand, for example a hydroxy, methoxy,
ethoxy, propoxy, isopropoxy, butoxy, methyl, ethyl,
propyl, isopropyl or butyl ligand. Alternatively the
ligands L1 and L2 may be linked such that, together
with the boron atom to which they are attached, they
form a ring. For example, L1 and L2 together may
define an oxy-(2-4C)alkylene-oxy group, for example an
oxyethyleneoxy or oxytrimethyleneoxy group such that,
together with the boron atom to which they are
attached, they form a cyclic boronic acid ester group.
Particularly suitable organoboron reagents include,
for example, compounds wherein each of L1 and L2 is a
hydroxy, a isopropoxy or an ethyl group. A suitable
catalyst for the reaction includes, for example, a
metallic catalyst such as a palladium(O),
palladium(IT), nickel(O) or nickel(II) catalyst, for
example tetrakis(triphenylphosphine)palladium(0),
palladium(II) chloride, palladium(II) bromide,
bis(triphenylphosphine)palladium(IT) chloride,
tetrakis(triphenylphosphine)nickel(0), nickel(II)
chloride, nickel(II) bromide,
bis(triphenylphosphine)nickel(II) chloride or
[l,r-bis(diphenylphosphino)ferrocene]dichloropalladium
(II). In addition, a free radical initiator may
conveniently be added, for example an azo compound
such as azo(bisisobutyronitrile). Conveniently, the
reaction may be carried out in the presence of a
suitable base such as an alkali or alkaline earth
metal carbonate or hydroxide, for example sodium
bicarbonate, sodium carbonate, potassium bicarbonate,
potassium carbonate, calcium carbonate, caesium
carbonate, sodium hydroxide or potassium hydroxide,
or, for example, analkali metal alkoxide, for example
sodium t rt-butoxide, or, for example, an alkali metal
amide, for example sodium hexamethyldisilazane, or,
for example, an alkali metal hydride, for example
sodium hydride. The reaction is conveniently carried
out in the presence of a suitable inert solvent or
diluent, for example an ether such as tetrahydrofuran,
1,4-dioxan or 1,2-dimethoxyethane, an aromatic solvent
such as benzene, toluene or xylene, or an alcohol such
as methanol or ethanol, and the reaction is
conveniently carried out at a temperature in the
range, for example 10 to 2500C, preferably in the
range 40 to 120C. Aryl-boron reagents of the Formula
HI may be obtained by standard procedures of organic
chemistry which are within the ordinary skill of an
organic chemist, for example by the reaction of an
aryl-metal reagent where the metal is, for example,
lithium or the magnesium halide portion of a Grignard
reagent, with an organoboron compound of the formula
L-B(L^(L 2) wherein L is a displaceable group as
defined hereinbefore. Preferably the compound of the
formula L-B(L )(L ) is, for example, boric acid or a
tri-(l-4C)alkyl borate such as tri-isopropyl borate.
In an alternative procedure, the aryl-boron reagent of
the Formula IHmay be replaced with an organometallic
compound of the formula aryl-M wherein M is a metal
atom or a metallic group (that is a metal atom bearing
suitable ligands). Suitable values for the metal atom
include, for example, lithium and copper. Suitable
values for the metallic group include, for example,
groups which contain a tin, silicon, zirconium,
aluminium, magnesium, mercury or zinc atom. Suitable
ligands within such a metallic group include, for
example, hydroxy groups, (l-6C)alkyl groups such as
methyl, ethyl, propyl, isopropyl and butyl groups,
halogeno groups such as chloro, bromo and iodo groups,
and (l-6C)alkoxy groups such as methoxy, ethoxy,
propoxy, isopropoxy and butoxy groups. A particular
organometallic compound of the formula aryl-M is, for
example, an organotin compound such as a compound of
the formula aryl-SnBu3, an organosilicon compound such
as a compound of the formula aryl-Si(Me)F2, an
organozirconium compound such as a compound of the
formula aryl-ZrCl3, an organoaluminium compound such
as a compound of the formula aryl-AlEt2, an
organomagnesium compound such as a compound of the
formula aryl-MgBr, an organomercury compound such as a
compound of the formula aryl-HgBr, or an organozinc
compound such as a compound of the formula
aryl-ZnBr.Protecting groups may in general be chosen
from any of the groups described in the literature or
known to the skilled chemist as appropriate for the
protection of the group in question and may be
introduced by conventional methods. Protecting groups
may be removed by any convenient method as described
in the literature or known to the skilled chemist as
appropriate for the removal of the protecting group in
question, such methods being chosen so as to effect
removal of the protecting group with minimum
disturbance of groups elsewhere in the molecule.
Specific examples of protecting groups are given below
for the sake of convenience, in which "lower", as in,
for example, lower alkyl, signifies that the group to
which it is applied preferably has 1-4 carbon atoms.
It will be understood that these examples are not
exhaustive. Where specific examples of methods for the
removal of protecting groups are given below these are
similarly not exhaustive. The use of protecting groups
and methods of deprotection not specifically mentioned
are, of course, within the scope of the invention. A
carboxy protecting group may be the residue of an
ester-forming aliphatic or arylaliphatic alcohol or of
an ester-forming silanol (the said alcohol or silanol
preferably containing 1-20 carbon atoms). Examples of
carboxy protecting groups include straight or branched
chain (l-12C)alkyl groups (for example isopropyl, and
t rt-butyl); lower alkoxy- lower alkyl groups (for
example methoxymethyl, ethoxymethyl and
isobutoxymethyl); lower acyloxy-lower alkyl groups,
(for example acetoxymethyl, propionyloxymethyl,
butyryloxymethyl and pivaloyloxymethyl); lower
alkoxycarbonyloxy-lower alkyl groups (for example
1-methoxycarbonyloxyethyl and
1-ethoxycarbonyloxyethyl); aryl-lower alkyl groups
(for example benzyl, 4-methoxybenzyl, 2-nitrobenzyl,
4-nitrobenzyl, benzhydryl and phthalidyl); tri(lower
alkyl)silyl groups (for example trimethylsilyl and r
-butyldimethylsilyl); tri(lower alkyl)silyl-lower
alkyl groups (for example trimethylsilylethyl); and
(2-6C)alkenyl groups (for example allyl). Methods
particularly appropriate for the removal of carboxyl
protecting groups include for example acid-, base-,
metal- or enzymically-catalysed cleavage. Examples of
hydroxy protecting groups include lower alkyl groups
(for example tert-butyl), lower alkenyl groups (for
example allyl); lower alkanoyl groups (for example
acetyl); lower alkoxycarbonyl groups (for example
rt-butoxycarbonyl); lower alkenyloxycarbonyl groups
(for example allyloxycarbonyl); aryl-lower
alkoxycarbonyl groups (for example benzyloxycarbonyl,
4-methoxybenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl
and4-nitrobenzyloxycarbonyl); tri(lower alkyl)silyl
(for example trimethylsilyl and rt-butyldimethylsilyl)
and aryl-lower alkyl (for example benzyl) groups.
Examples of amino protecting groups include formyl,
aryl-lower alkyl groups (for example benzyl and
substituted benzyl, 4-methoxybenzyl, 2-nitrobenzyl and



2,4-dimethoxybenzyl, and triphenylmethyl);
di-4-anisylmethyl and furylmethyl groups; lower
alkoxycarbonyl (for example tert-butoxycarbonyl);
lower alkenyloxycarbonyl (for example
allyloxycarbonyl); aryl-lower alkoxycarbonyl groups
(for example benzyloxycarbonyl,
4-methoxybenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl
and 4-nitrobenzyloxycarbonyl); trialkylsilyl (for
example trimethylsilyl and tert-butyldimethylsilyl);
alkylidene (for example methylidene) and benzylidene
and substituted benzylidene groups. Methods
appropriate for removal of hydroxy and amino
protecting groups include, for example, acid-, base-,
metal- or enzymically-catalysed hydrolysis for groups
such as 2-nitrobenzyloxycarbonyl, hydrogenation for
groups such as benzyl and photolytically for groups
such as 2-nitrobenzyloxycarbonyl. The reader is
referred to Advanced Organic Chemistry, 4th Edition,
by J . March, published by John Wiley & Sons 1992, for
general guidance on reaction conditions and reagents
and to Protective Groups in Organic Synthesis, 2nd
Edition, by T. Green et at, also published by John
Wiley & Son, for general guidance on protecting
groups. Pyrimidine starting materials of the Formula
JJ may be obtained by conventional procedures such as
those disclosed in the Examples that are set out
hereinafter. For example, for the production of those
compounds of the Formula Uwherein X1 is N(R13)CO, an
amine of the Formula X wherein L, R2, q, R3, r, R4 and
R13 have any of the meanings defined hereinbefore
except that any functional group is protected if
necessary, may be acylated, conveniently in the
presence of a suitable base as defined hereinbefore,
with a carboxylic acid of the Formula VHO2C - Q1 v or
a reactive derivative thereof as defined hereinafter,
wherein Q1 has any of the meanings defined
hereinbefore except that any functional group is
protected if necessary, whereafter any protecting
group that is present is removed by conventional
means. (b) For the production of those compounds of
the Formula I wherein X1 is N(R13)CO, the acylation,
conveniently in the presence of a suitable base, of an
amine of the Formula IV wherein p, R1, R2, q, R3, r,
R4 and R13 have any of the meanings defined
hereinbefore except that any functional group is
protected if necessary, with a carboxylic acid of the
Formula V HO2C - Q1 v or a reactive derivative
thereof, wherein Q1 has any of the meanings defined
hereinbefore except that any functional group is
protected if necessary, whereafter any protecting
group that is present is removed by conventional
means. A suitable base is, for example, an organic
amine base such as, for example, pyridine,
2,6-lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, morpholine, iV-methylmorpholine or
diazabicyclo[5.4.0]undec-7-ene, or, for example, an
alkali or alkaline earth metal carbonate or hydroxide,
for example sodium carbonate, potassium carbonate,
calcium carbonate, sodium hydroxide or potassium
hydroxide, or, for example, an alkali metal amide, for
example sodium hexamethyldisilazane, or, for example,
an alkali metal hydride, for example sodium hydride. A
suitable reactive derivative of a carboxylic acid of
the Formula V is, for example, an acyl halide, for
example an acyl chloride formed by the reaction of the
acid with an inorganic acid chloride, for example
thionyl chloride; a mixed anhydride, for example an
anhydride formed by the reaction of the acid with a
chloroformate such as isobutyl chloroformate; anactive
ester, for example an ester formed by the reaction of
the acid with a phenol such as pentafluorophenol, with
an ester such as pentafluorophenyl trifluoroacetate or
with an alcohol such as methanol, ethanol,
isopropanol, butanol or -hydroxybenzotriazole; an acyl
azide, for example an azide formed by the reaction of
the acid with an azide such as diphenylphosphoryl
azide; an acyl cyanide, for example a cyanide formed
by the reaction of an acid with a cyanide such as
diethylphosphoryl cyanide; or the product of the
reaction of the acid with a carbodiimide such as
dicyclohexylcarbodiimide or with a uronium compound
such as 2-(7-azabenzotriazol- 1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate(V) .
The reaction is conveniently carried out in the
presence of a suitable inert solvent or diluent, for
example an alcohol or ester such as methanol, ethanol,
isopropanol or ethyl acetate, a halogenated solvent
such as methylene chloride, chloroform or carbon
tetrachloride, an ether such as tetrahydrofuran or
1,4-dioxan, an aromatic solvent such as toluene.
Conveniently, the reaction is conveniently carried out
in the presence of a dipolar aprotic solvent such as
JV, -dimethylformamide,
iV,JV-dimethylacetamide,iV-methylpyrrolidin-2-one or
dimethylsulphoxide. The reaction is conveniently
carried out at a temperature in the range, for
example, 0 to 1200C, preferably at or near ambient
temperature. Pyrimidine starting materials of the
Formula IV may be obtained by conventional procedures
such as those disclosed in the Examples that are set
out hereinafter. For example, a pyrimidine of the
Formula XI wherein L is a displaceable group as
defined hereinbefore and p, R1, R2, r, R4 and R13 have
any of the meanings defined hereinbefore except that
any functional group is protected if necessary, may be
reacted with a morpholine of the Formula VII
VIIwherein q and R3 have any of the meanings defined
hereinbefore except that any functional group is
protected if necessary, whereafter any protecting
group that is present is removed by conventional
means. Alternatively, a pyrimidine of the Formula XII
wherein L is a displaceable group as defined
hereinbefore and R2, q, R3, r, R4 and R13 have any of
the meanings defined hereinbefore except that any
functional group is protected if necessary, may be
reacted, conveniently in the presence of a suitable
catalyst as defined hereinbefore, with an organoboron
reagent of the Formula HI L1 wherein each of L1 and
L2, which may be the same or different, is a suitable
ligand as defined hereinbefore and p and R1 have any
of the meanings defined hereinbefore except that any
functional group is protected if necessary, whereafter
any protecting group that is present is removed by
conventional means. (c) The reaction of a pyrimidine
of the Formula VI VIwherein L is a displaceable group
as defined hereinbefore and p, R1, R2, r, R4, X1 and
Q1 have any of the meanings defined hereinbefore
except that any functional group is protected if
necessary, with a morpholine of the Formula VII
wherein q and R3 have any of the meanings defined
hereinbefore except that any functional group is
protected if necessary, whereafter any protecting
group that is present is removed by conventional
means. The reaction may conveniently be carried out in
the presence of a suitable acid or in the presence of
a suitable base. A suitable acid is, for example, an
inorganic acid such as, for example, hydrogen chloride
or hydrogen bromide. A suitable base is, for example,
an organic amine base such as, for example, pyridine,
2,6-lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, morpholine, LT-methylmorpholine or
diazabicyclo[5.4.0]undec-7-ene, or, for example, an
alkali or alkaline earth metal carbonate or hydroxide,
for example sodium carbonate, potassium carbonate,
calcium carbonate, sodium hydroxide or potassium
hydroxide, or, for example, an alkali metal amide, for
example sodium hexamethyldisilazane, or, for example,
an alkali metal hydride, for example sodium hydride.
The reaction is conveniently carried out in the
presence of a suitable inert solvent or diluent, for
example an alcohol or ester such as methanol, ethanol,
isopropanol or ethyl acetate, a halogenated solvent
such as methylene chloride, chloroform or carbon
tetrachloride, an ether such as tetrahydrofuran or
1,4-dioxan, an aromatic solvent such as toluene, or a
dipolar aprotic solvent such as ^-dimethylformamide,
iV,iV-dimethylacetamide,iV-methylpyrrolidin-2-one or
dimethylsulphoxide. The reaction is conveniently
carried out at a temperature in the range, for
example, 0 to 250C, preferably in the range 25 to
150C. Typically, the pyrimidine of the Formula VI may
be reacted with a morpholine of the Formula VHin the
presence of an aprotic solvent such as iV,
-dimethylformamide or , -dimethylacetarnide,
conveniently in the presence of a suitable base, for
example potassium carbonate or sodium
hexamethyldisilazane, and at a temperature in the
range, for example, 0 to 200C, preferably in the
range, for example, 25 to 15O0C. Pyrimidine starting
materials of the Formula VI may be obtained by
conventional procedures such as those disclosed in the
Examples that are set out hereinafter.For example, a
pyrimidine of the Formula XIII wherein L is a
displaceable group as defined hereinbefore and R2, r,
R4,X1 and Q1 have any of the meanings defined
hereinbefore except that any functional group is
protected if necessary, may be reacted, conveniently
in the presence of a suitable catalyst as defined
hereinbefore, with an organoboron reagent of the
Formula HI L1 wherein each of L1 and L2, which may be
the same or different, is a suitable ligand as defined
hereinbefore and p and R1 have any of the meanings
defined hereinbefore except that any functional group
is protected if necessary, whereafter any protecting
group that is present is removed by conventionalmeans
(d) For the production of those compounds of the
Formula I wherein X1 is N(R13)CON(R13), the coupling,
conveniently in the presence of a suitable base as
defined hereinbefore, of phosgene, or a chemical
equivalent thereof, with an amine of the Formula IV
and an amine of the Formula Vmwherein p, R1, R2, q,
R3, r, R4, R13 and Q1 have any of the meanings defined
hereinbefore except that any functional group is
protected if necessary, whereafter any protecting
group that is present is removed by conventional
means. A suitable chemical equivalent of phosgene is,
for example, a compound of the Formula IX L - CO - L
IX wherein L is a suitable displaceable group as
defined hereinbefore. For example, a suitable
displaceable group L is, for example, an alkoxy,
aryloxy or sulphonyloxy group, for example a methoxy,
phenoxy, methanesulphonyloxy or toluene-4-sulphonyloxy
group. Alternatively, a suitable chemical equivalent
of phosgene is a carbonate derivative such as
disuccinimido carbonate. The reaction is conveniently
carried out in the presence of a suitable inert
solvent or diluent as defined hereinbefore and at a
temperature in the range, for example, 0 to 120C,
preferably at or near ambient temperature. (e) The
reaction, conveniently in the presence of a suitable
catalyst as defined hereinbefore, of a pyrimidine of
the Formula XTV 1 wherein L is a displaceable group as
defined hereinbefore and p, R , R , q and R have any
of the meanings defined hereinbefore except that any
functional group is protected if necessary, with an
organoboron reagent of the Formula XVwherein each of
L1 and L2, which may be the same or different, is a
suitable ligand for the boron atom as defined
hereinbefore and r, R4, X1 and Q1 have any of the
meanings defined hereinbefore except that any
functional group is protected if necessary, whereafter
any protecting group that is present is removed by
conventional means. Conveniently, the reaction may be
carried out in the presence of a suitable base such as
an alkali or alkaline earth metal carbonate or
hydroxide, for example sodium bicarbonate, sodium
carbonate, potassium bicarbonate, potassium carbonate,
calcium carbonate, caesium carbonate, sodium hydroxide
or potassium hydroxide, or, for example, an alkali
metal alkoxide, for example sodium t rt-butoxide, or,
for example, an alkali metal amide, for example sodium
hexamethyldisilazane, or, for example, an alkali metal
hydride, for example sodium hydride. The reaction is
conveniently carried out in the presence of a suitable
inert solvent or diluent, for example an ether such as
tetrahydrofuran, 1,4-dioxan or 1,2-dimethoxyethane, an
aromatic solvent such as benzene, toluene or xylene,
or an alcohol such as methanol or ethanol, and the
reaction is conveniently carried out at a temperature
in the range, for example 10 to 2500C, preferably in
the range 40 to 150C. Aryl-boron reagents of the
Formula XV may be obtained by standard procedures of
organic chemistry which are within the ordinary skill
of an organic chemist, for example by the reaction of
an aryl-metal reagent where the metal is, for example,
lithium or the magnesium 



halide portion of a Grignard reagent, with an
organoboron compound of the formula L-B(L1XL2) wherein
L is a displaceable group as defined hereinbefore.
Preferably the compound of the formula L-B(L^(L 2) is,
for example, boric acid or a tri-(l-4C)alkyl borate
such as tri-isopropyl borate. In an alternative
procedure, the aryl-boron reagent of the Formula XV
may be replaced with an organometallic compound of the
formula aryl-M wherein M is a metal atom or a metallic
group (that is a metal atom bearing suitable ligands).
Suitable values for the metal atom include, for
example, lithium and copper. Suitable values for the
metallic group include, for example, groups which
contain a tin, silicon, zirconium, aluminium,
magnesium, mercuryor zinc atom. Suitable ligands
within such a metallic group include, for example,
hydroxy groups, (l-6C)alkyl groups such as methyl,
ethyl, propyl, isopropyl and butyl groups, halogeno
groups such as chloro, bromo and iodo groups, and
(l-6C)alkoxy groups such as methoxy, ethoxy, propoxy,
isopropoxy and butoxy groups. A particular
organometallic compound of the formula aryl-M is, for
example, an organotin compound such as a compound of
the formula aryl-SnBu3, an organosilicon compound such
as a compound of the formula aryl-Si(Me)F2, an
organozirconium compound such as a compound of the
formula aryl-ZrCl3, an organoaluminium compound such
as a compound of the formula aryl-AlEt2, an
organomagnesium compound such as a compound of the
formula aryl-MgBr, an organomercury compound such as a
compound of the formula aryl-HgBr, or an organozinc
compound such as a compound of the formula aryl-ZnBr.
Pyrimidine starting materials of the Formula XIV may
be obtained by conventional procedures such as those
disclosed in the Examples that are set out hereinafter
(f) For the production of those compounds of the
Formula I wherein X1 is CON(R13), the acylation,
conveniently in the presence of a suitable base as
defined hereinbefore, of an amine of the Formula VHI
13NH - Q1 v i p wherein R13 and Q1 have any of the
meanings defined hereinbefore except that any
functional group is protected if necessary, with a
carboxylic acid, or a reactive derivative thereof as
defined hereinbefore, of the Formula XVI wherein p,
R1, R2, q, R3, r and R4 have any of the meanings
defined hereinbefore except that any functional group
is protected if necessary, whereafter any protecting
group that is present is removed by conventional
means.The reaction is conveniently carried out in the
presence of a suitable inert solvent or diluent, for
example an alcohol or ester such as methanol, ethanol,
isopropanol or ethyl acetate, a halogenated solvent
such as methylene chloride, chloroform or carbon
tetrachloride, an ether such as tetrahydrofuran or
1,4-dioxan, an aromatic solvent such as toluene.
Conveniently, the reaction is conveniently carried out
in the presence of a dipolar aprotic solvent such as
MiV-dimethylformamide, ,iV-dimethylacetamide,
iV-methylpyrrolidin-2-one or dimethylsulphoxide. The
reaction is conveniently carried out at a temperature
in the range, for example, 0 to 120C, preferably at or
near ambient temperature. Pyrimidine starting
materials of the Formula XVI may be obtained by
conventional procedures that are analogous to those
disclosed in the Examples that are set out hereinafter
(g) For the production of those compounds of the
Formula I wherein X1 is CO and Q1 is a JV-linked
heterocyclyl group, the acylation, conveniently in the
presence of a suitable base as defined hereinbefore,
of a iV-containing heterocyclic compound wherein any
functional group is protected if necessary, with a
carboxylic acid, or a reactive derivative thereof as
defined hereinbefore, of the Formula XVI wherein p,
R1, R2, q, R3, r and R4 have any of the meanings
defined hereinbefore except that any functional group
is protected if necessary, whereafter any protecting
group that is present is removed by conventional
means. The reaction is conveniently carried out in the
presence of a suitable inert solvent or diluent, for
example an alcohol or ester such as methanol, ethanol,
isopropanol or ethyl acetate, a halogenated solvent
such as methylene chloride, chloroform or carbon
tetrachloride, an ether such as tetrahydrofuran or
1,4-dioxan, an aromatic solvent such as toluene.
Conveniently, the reaction is conveniently carried out
in the presence of a dipolar aprotic solvent such as
iV /V-dimethylformamide, iV,iV-dimethylacetamide,
-methylpyrrolidin-2-one ordimethylsulphoxide. The
reaction is conveniently carried out at a temperature
in the range, for example, 0 to 120C, preferably at or
near ambient temperature. The pyrimidine derivative of
the Formula I may be obtained from the process
variants described hereinbefore in the form of the
free base or alternatively it may be obtained in the
form of a salt with the acid of the formula H-L
wherein L has the meaning defined hereinbefore. When
it is desired to obtain the free base from the salt,
the salt may be treated with a suitable base, for
example, an organic amine base such as, for example,
pyridine, 2,6-lutidine, collidine,
4-dimethylaminopyridine, triethylamine, morpholine,
iV-methylmorpholine or diazabicyclo[5.4.0]undec-7-ene,
or, for example, an alkali or alkaline earth metal
carbonate or hydroxide, for example sodium carbonate,
potassium carbonate, calcium carbonate, sodium
hydroxide or potassium hydroxide. When a
pharmaceutically-acceptable salt of a pyrimidine
derivative of the Formula I is required, for example
an acid-addition salt, it may be obtained by, for
example, reaction of said pyrimidine derivative with a
suitable acid using a conventional procedure. When a
pharmaceutically-acceptable pro-drug of a pyrimidine
derivative of the Formula I is required, it may be
obtained using a conventional procedure. For example,
an in vivo cleavable ester of a pyrimidine derivative
of the Formula I may be obtained by, for example,
reaction of a compound of the Formula I containing a
carboxy group with a pharmaceutically-acceptable
alcohol or by reaction of a compound of the Formula I
containing a hydroxy group with a
pharmaceutically-acceptable carboxylic acid. For
example, an in vivo cleavable amide of a pyrimidine
derivative of the Formula I may be obtained by, for
example, reaction of a compound of the Formula I
containing a carboxy group with a
pharmaceutically-acceptable amine or by reaction of a
compound of the Formula I containing an amino group
with a pharmaceutically-acceptable carboxylic acid.
Many of the intermediates defined herein are novel and
these are provided as a further feature of the
invention. For example, many compounds of the Formulae
p , IV, VI, XTV and XVI are novel compounds.
Biological Assays The following assays can be used to
measure the effects of the compounds of the present
invention as PB kinase inhibitors, as inhibitors in
vitro of the activation of PB kinase signalling
pathways, as inhibitors in vitro of the proliferation
of MDA-MB-468 human breastadenocarcinoma cells, and as
inhibitors in vivo of the growth in nude mice of
xenografts of MDA-MB-468 carcinoma tissue (a) In Vitro
Enzyme Assay The assay used AlphaScreen technology
(Gray et al, Analytical Biochemistry , 2003, 313:
234-245) to determine the ability of test compounds to
inhibit phosphorylation by recombinant Type I PI3K
enzymes of the lipid PI(4,5)P2. DNA fragments encoding
human PI3K catalytic and regulatory subunits were
isolated from cDNA libraries using standard molecular
biology and PCR cloning techniques. The selected DNA
fragments were used to generate baculo virus
expression vectors. In particular, full length DNA of
each of the p i 10a, p i l Ob and p i l Od Type Ia
human PI3K p i 10 isoforms (EMBL Accession Nos.
HSU79143, S67334, Y10055 for p i 10a, p i l Ob and p i
106 respectively) were sub-cloned into a pDESTIO
vector (Invitrogen Limited, Fountain drive, Paisley,
UK). The vector is a Gateway-adapted version of
Fastbacl containing a 6-His epitope tag. A truncated
form of Type Ib human PI3K p i l Og isoform
corresponding to amino acid residues 144-1 102 (EMBL
Accession No. X8336A) and the full length human p85a
regulatory subunit (EMBL Accession No. HSP13KIN) were
also sub-cloned into pFastBacl vector containing a
6-EQs epitope tag. The Type Ia p i 10 constructs were
co-expressed with the p85a regulatory subunit.
Following expression in the baculovirus system using
standard baculovirus expression techniques, expressed
proteins were purified using the His epitope tag using
standard purification techniques. DNA corresponding to
amino acids 263 to 380 of human Grpl PH domain was
isolated from a cDNA library using standard molecular
biology and PCR cloning techniques. The resultant DNA
fragment was sub-cloned into a pGEX 4Tl E. coli
expression vector containing a GST epitope tag
(Amersham Pharmacia Biotech, Rainham, Essex, UK) as
described by Gray et al, Analytical Biochemistry ,
2003, 313: 234-245). The GST-tagged Grpl PH domain was
expressed and purified using standard techniques. Test
compounds were prepared as 10 mM stock solutions in
DMSO and diluted into water as required to give a
range of final assay concentrations. Aliquots (2 ml)
of each compound dilution were placed into a well of a
Greiner 384-well low volume (LV) white polystyrene
plate (Greiner Bio-one, Brunei Way, Stonehouse,
Gloucestershire, UK Catalogue No. 784075). A mixture
of each selected recombinant purified PI3K enzyme (15
ng), DiC8-PI(4,5)P2 substrate (40 mM; Cell Signals
Inc., Kinnear Road, Columbus, USA,Catalogue No. 901),
adenosine triphosphate (ATP; 4 mM) and a buffer
solution [comprising Tris-HCl pH7.6 buffer (40 mM, 10
ml), 3-[(3-cholamidopropyl)dimethylammonio]-
1-propanesulphonate (CHAPS; 0.04%), dithiothreitol
(DTT; 2 mM) and magnesium chloride (10 mM)] was
agitated at ambient temperature for 20 minutes. 5
Control wells that produced a minimum signal
corresponding to maximum enzyme activity were created
by using 5% DMSO instead of test compound. Control
wells that produced a maximum signal corresponding to
fully inhibited enzyme were created by adding
wortmannin (6 mM; Calbiochem / Merck Bioscience, Padge
Road, Beeston, Nottingham, UK, Catalogue No. 681675)
instead of test compound. These assay solutions were
also agitated for 10 20 minutes at ambient
temperature. Each reaction was stopped by the addition
of 10 ml of a mixture of EDTA (100 mM), bovine serum
albumin (BSA, 0.045 %) and Tris-HCl pH7.6 buffer (40
mM). Biotinylated-DiC8-PI(3,4,5)P3 (50 nM; Cell
Signals Inc., Catalogue No. 107), recombinant purified
GST-Grpl PH protein (2.5 nM) and AlphaScreen Anti-GST
donor and 15 acceptor beads (100 ng; Packard
Bioscience Limited, Station Road, Pangbourne,
Berkshire, UK, Catalogue No. 6760603M) were added and
the assay plates were left for about 5 to 20 hours at
ambient temperature in the dark. The resultant signals
arising from laser light excitation at 680 nm were
read using a Packard AlphaQuest instrument.
PI(3,4,5)P3 is formed in situ as a result of PI3K
mediated phosphorylation of 20 PI(4,5)P2. The GST-Grpl
PH domain protein that is associated with AlphaScreen
Anti-GST donor beads forms a complex with the
biotinylated PI(3,4,5)P3 that is associated with
Alphascreen Streptavidn acceptor beads. The
enymatically-produced PI(3,4,5)P3 competes with
biotinylated PI(3,4,5)P3 for binding to the PH domain
protein. Upon laser light excitation at 680 nm, the
donor bead : acceptor bead complex produces a signal
that can be measured. 5 Accordingly, PI3K enzme
activity to form PI(3,4,5)P3 and subsequent
competition with biotinylated PI(3,4,5)P3 results in a
reduced signal. In the presence of a PI3K enzyme
inhibitor, signal strength is recovered. PI3K enzyme
inhibition for a given test compound was expressed as
an ICs0 value (b) In Vitro phospho-Ser473 Akt assay 0
This assay determines the ability of test compounds to
inhibit phosphorylation of Serine 473 in Akt as
assessed using Acumen Explorer technology (Acumen
BioscienceLimited), a plate reader that can be used to
rapidly quantitate features of images generated by
laser-scanning. A MDA-MB-468 human breast
adenocarcinoma cell line (LGC Promochem, Teddington,
Middlesex, UK, Catalogue No. HTB-132) was routinely
maintained at 37C with 5% CO up to a confluency of
70-90% in Dulbecco's modified Eagle's growth medium
(DMEM; Invitrogen Limited, Paisley, UK Catalogue No.
41966-029) containing 10% heat-inactivated foetal calf
serum (FCS; Sigma, Poole, Dorset, UK, Catalogue No.
F0392) and 1% L-glutamine (Gibco, Catalogue No.
25030-024). For the assay, the cells were detached
from the culture flask using 'Accutase' (Innovative
Cell Technologies Inc., San Diego, CA, USA; Catalogue
No. AT104) using standard tissue culture methods and
resuspended in media to give 1.7xlO5 cells per ml.
Aliquots (90 ml) were seeded into each of the inner 60
wells of a black Packard 96 well plate (PerkinElmer,
Boston, MA, USA; Catalogue No. 6005182) to give a
density of -15000 cells 



per well. Aliquots (90 ml) of culture media were
placed in the outer wells to prevent edge effects. The
cells were incubated overnight at 370C with 5% CO2 to
allow them to adhere. On day 2, the cells were treated
with test compounds and incubated for 2 hours at 37C
with 5% CO2. Test compounds were prepared as 1O mM
stock solutions in DMSO and serially diluted as
required with growth media to give a range of
concentrations that were 10-fold the required final
test concentrations. Aliquots (10 ml) of each compound
dilution were placed in a well (in triplicate) to give
the final required concentrations. As a minimum
reponse control, each plate contained wells having a
final concentration of 100 mM LY294002 (Calbiochem,
Beeston, UK, Catalogue No. 440202). As a maximum
response control:, wells contained 1% DMSO instead of
test compound. Following incubation, the contents of
the plates were fixed by treatment with a 1.6% aqueous
formaldehyde solution (Sigma, Poole, Dorset, UK,
Catalogue No. F1635) at ambient temperature for 1
hour. All subsequent aspiration and wash steps were
carried out using a Tecan 96 well plate washer
(aspiration speed 10 mm/sec). The fixing solution was
removed and the contents of the plates were washed
with phosphate-buffered saline (PBS; 50 ml; Gibco,
Catalogue No. 10010015). The contents of the plates
were treated for 10 minutes at ambient temperature
with an aliquot (50 ml) of a cell permeabilisation
buffer consisting of a mixture of PBS and 0.5%
Tween-20. The 'permeabilisation' buffer was removed
and non-specific binding sites were blocked by
treatment for 1 hour at ambient temperature of an
aliquot (50 ml) of ablocking buffer consisting of 5%
dried skimmed milk ['Marvel' (registered trade mark);
Premier Beverages, Stafford, GB] in a mixture of PBS
and 0.05% Tween-20. The 'blocking' buffer was removed
and the cells were incubated for 1 hour at ambient
temperature with rabbit anti phospho-Akt (Ser473)
antibody solution (50 ml per well; Cell Signalling,
Hitchin, Herts, U.K., Catalogue No 9277) that had been
diluted 1:500 in 'blocking' buffer. Cells were washed
three times in a mixture of PBS and 0.05% Tween-20.
Subsequently, cells were incubated for 1 hour at
ambient temperature with Alexafluor488 labelled goat
anti-rabbit IgG (50 ml per well; Molecular Probes,
Invitrogen Limited, Paisley, UK, Catalogue No. Al
1008) that had been diluted 1:500 in 'blocking'
buffer. Cells were washed 3 times with a mixture of
PBS and 0.05% Tween-20. An aliquot of PBS (50 ml) was
added to each well and the plates were sealed with
black plate sealers and the fluorescence signal was
detected and analysed. Fluorescence dose response data
obtained with each compound were analysed and the
degree of inhibition of Serine 473 in Akt was
expressed as an IC50 value. (c) In VitroMDA-MB-468
human breast adenocarcinoma Proliferation Assay This
assay determines the ability of test compounds to
inhibit cell proliferation as assessed using Cellomics
Arrayscan technology. A MDA-MB-468 human breast
adenocarcinoma cell line (LGC Promochem, Catalogue No.
HTB-132) was routinely maintained as described in
Biological Assay (b) hereinbefore. For the
proliferation assay, the cells were detached from the
culture flask using Accutase and seeded into the inner
60 wells of a black Packard 96 well plate at a density
of 8000 cells per well in 100 ml of complete growth
media. The outer wells contained 100 ml of sterile
PBS. The cells were incubated overnight at 37C with 5%
CO2 to allow them to adhere. On day 2, the cells were
treated with test compounds and incubated for 48 hours
at 370C with 5% CO . Test compounds were prepared as
10 mM stock solutions in DMSO and serially diluted as
required with growth media to give a range of test
concentrations. Aliquots (50 ml) of each compound
dilution were placed in a well and the cells were
incubated for 2 days at 370C with 5% CO2. Each plate
contained control wells without test compound. On day
4, BrdU labelling reagent (Sigma, Catalogue No. B9285)
at a final dilution of 1:1000 was added and the cells
were incubated for 2 hours at 370C. The medium was
removed and the cells in each well were fixed by
treatment with 100 ml of a mixture of ethanol and
glacial acetic acid (90% ethanol, 5% glacial acetic
acid and 5% water) for 30 minutes at ambient
temperature. The cells in each well were washed twice
with PBS (100 ml).Aqueous hydrochloric acid (2M, 100
ml) was added to each well. After 20 minutes at
ambient temperature, the cells were washed twice with
PBS. Hydrogen peroxide (3%, 50 ml; Sigma, Catalogue
No. H1009) was added to each well. After 10 minutes at
ambient temperature, the wells were washed again with
PBS. BrdU incorporation was detected by incubation for
1 hour at ambient temperature with mouse anti-BrdU
antibody (50 ml; Caltag, Burlingame, CA, US; Catalogue
No. MD5200) that was diluted 1:40 in PBS containing 1%
BSA and 0.05% Tween-20. Unbound antibody was removed
with two washes of PBS. For visualisation of
incorporated BrdU, the cells were treated for 1 hour
at ambient temperature with PBS (50 ml) and 0.05%
Tween-20 buffer containing a 1:1000 dilution of Alexa
fluor 488-labelled goat anti-mouse IgG. For
visualisation of the cell nucleus, a 1:1000 dilution
of Hoechst stain (Molecular Probes, Catalogue No.
H3570) was added. Each plate was washed in turn with
PBS. Subsequently, PBS (100 ml) was added to each well
and the plates were analysed using a Cellomics array
scan to assess total cell number and number of BrdU
positive cells. Fluorescence dose response data
obtained with each compound were analysed and the
degree of inhibition of MDA-MB-468 cell growth was
expressed as an IC50 value (d) In Vivo MDA-MB-468
Xenograft Growth Assay This test measures the ability
of compounds to inhibit the growth of MDA-MB-468 human
breast adenocarcinoma cells grown as a tumour in
athymic nude mice (Alderley Park nu/nu strain). A
total of about 5 x 106 MDA-MB-468 cells in matrigel
(Beckton Dickinson Catalogue No. 40234) are injected
subcutaneously into the left flank of each test mouse
and the resultant tumours are allowed to grow for
about 14 days. Tumour size is measured twice weekly
using callipers and a theoretical volume is
calculated. Animals are selected to provide control
and treatment groups of approximately equal average
tumour volume. Test compounds are prepared as a
ball-milled suspension in 1% polysorbate vehicle and
dosed orally once daily for a period of about 28 days.
The effect on tumour growth is assessed. Although the
pharmacological properties of the compounds of the
Formula I vary with structural change as expected, in
general activity possessed by compounds of the Formula
I, may be demonstrated at the following concentrations
or doses in one or more of the above tests (a), (b),
(c) and (d) :- Test (a):- IC50 versus pi 10a Type Ia
human PDK in the range, for example, 0.01 - 10 mM;Test
(b):- IC5 in the range, for example, 0.01 - 20 mM;
Test (c):- IC50 in the range, for example, 0.01 - 20
mM; Test (d):- activity in the range, for example,
1-200 mg/kg/day. For example, the pyrimidine compound
disclosed within Example 1 possesses activity in Test
(a) with an IC50 versus pi 10a Type Ia human PDK of
approximately 0.1 mM, in Test (b) with an IC5O of
approximately 5 mM, and in Test (c) with an IC50 of
approximately 8 mM; the pyrimidine compound disclosed
within Example 6 possesses activity in Test (a) with
an IC 0 of approximately 0.1 mM, and in Test (b) with
an IC50 of approximately 0.3 mM; the pyrimidine
compound disclosed within Example 10 possesses
activity in Test (a) with an IC50 of approximately 0.3
mM, and in Test (b) with an IC50 of approximately 0.5
mM; and the pyrimidine compound disclosed within
Example 16(27) possesses activity in Test (a) with an
IC50 of approximately 0.1 mM, and in Test (b) with an
IC50 of approximately 0.7 mM. No untoward
toxicological effects are expected when a compound of
Formula I, or a pharmaceutically-acceptable salt
thereof, as defined hereinbefore is administered at
the dosage ranges defined hereinafter. According to a
further aspect of the invention there is provided a
pharmaceutical composition which comprises a
pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore in association with a
pharmaceutically-acceptable diluent or carrier. The
compositions of the invention may be in a form
suitable for oral use (for example as tablets,
lozenges, hard or soft capsules, aqueous or oily
suspensions, emulsions, dispersible powders or
granules, syrups or elixirs), for topical use (for
example as creams, ointments, gels, or aqueous or oily
solutions or suspensions), for administration by
inhalation (for example as a finely divided powder or
a liquid aerosol), for administration by insufflation
(for example as a finely divided powder) or for
parenteral administration (for example as a sterile
aqueous or oily solution for intravenous,
subcutaneous, intraperitoneal or intramuscular dosing
or as a suppository for rectal dosing). The
compositions of the invention may be obtained by
conventional procedures using conventional
pharmaceutical excipients, well known in the art.
Thus, compositions intended for oral use may contain,
for example, one or more colouring, sweetening,
flavouring and/or preservative agents. The amount of
active ingredient that is combined with one or more
excipients to produce a single dosage form will
necessarily vary depending upon the host treated and
theparticular route of administration. For example, a
formulation intended for oral administration to humans
will generally contain, for example, from 1mg to 1 g
of active agent (more suitably from 1 to 250 mg, for
example from 1 to 100 mg) compounded with an
appropriate and convenient amount of excipients which
may vary from about 5 to about 98 percent by weight of
the total composition. The size of the dose for
therapeutic or prophylactic purposes of a compound of
the Formula I will naturally vary according to the
nature and severity of the disease state, the age and
sex of the animal or patient and the route of
administration, according to well known principles of
medicine. In using a compound of the Formula I for
therapeutic or prophylactic purposes it will generally
be administered so that a daily dose in the range, for
example, 1 mg/kg to 100 mg/kg body weight is received,
given if required in divided doses. In general, lower
doses will be administered when a parenteral route is
employed. Thus, for example, for intravenous
administration, a dose in the range, for example, 1
mg/kg to 25 mg/kg body weight will generally be used.
Similarly, for administration by inhalation, a dose in
the range, for example, 1 mg/kg to 25 mg/kg body
weight will be used. Oral administration is however
preferred, particularly in tablet form. Typically,
unit dosage forms will contain about 10 mg to 0.5 g of
a compound of this invention. As stated above, it is
known that PDK enzymes contribute to tumourigenesis by
one or more of the effects of mediating proliferation
of cancer and other cells, mediating angiogenic events
and mediating the motility, migration and invasiveness
of cancer cells. We have found that the pyrimidine
derivatives of the present invention possess potent
anti-tumour activity which it is believed is obtained
by way of inhibition of one or more of the Class I PDK
enzymes (such as the Class Ia PDK enzymes and/or the
Class Ib PDK enzyme) that are involved in the signal
transduction steps which lead to the proliferation and
survival of tumour cells and the invasiveness and
migratory ability of metastasising tumour cells.
Accordingly, the derivatives of the present invention
are of value as anti-tumour agents, in particular as
selective inhibitors of the proliferation, survival,
motility, dissemination and invasiveness of mammalian
cancer cells leading to inhibition of tumour growth
and survival and to inhibition of metastatic tumour
growth. Particularly, the pyrimidine derivatives of
the present invention are of value as
anti-proliferative and anti-invasive agents in the
containment and/or treatment of solid tumour disease.
Particularly, the compounds of the present invention
are expected to be useful in the prevention or
treatment of those tumours which are sensitive
toinhibition of one or more of the multiple PDK
enzymes such as the Class Ia PBK enzymes and the Class
Ib PDK enzyme that are involved in the signal
transduction steps which lead to the proliferation and
survival of tumour cells and the migratory ability and
invasiveness of metastasising tumour cells. Further,
the compounds of the present invention are expected to
be useful in the prevention or treatment of those
tumours which are mediated alone or in part by
inhibition of PDK enzymes such as the Class Ia PDK
enzymes and the Class Ib PDK enzyme, i.e. the
compounds may be used to produce a PDK enzyme
inhibitory effect in a warm-blooded animal in need of
such treatment. As stated hereinbefore, inhibitors of
PDK enzymes should be of therapeutic value for
treatment of, for example, cancer of the breast,
colorectum, lung (including small cell lung cancer,
non-small cell lung cancer and bronchioalveolar
cancer) and prostate, and of cancer of the bile duct,
bone, bladder, head and neck, kidney, liver,
gastrointestinal tissue, oesophagus, ovary, pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and
of leukaemias [including acute lymphoctic leukaemia
(ATJ,) and chronic myelogenous leukaemia (CML)],
multiple 



myeloma and lymphomas. According to a further aspect
of the invention there is provided a pyrimidine
derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore for use as a
medicament in a warm-blooded animal such as man.
According to a further aspect of the invention, there
is provided a pyrimidine derivative of the Formula I,
or a pharmaceutically-acceptable salt, solvate or
pro-drug thereof, as defined hereinbefore for use in
the production of an anti-proliferative effect in a
warm-blooded animal such as man. According to a
further feature of this aspect of the invention there
is provided a pyrimidine derivative of the Formula I,
or a pharmaceutically-acceptable salt, solvate or
pro-drug thereof, as defined hereinbefore for use in a
warm-blooded animal such as man as an anti-invasive
agent in the containment and/or treatment of solid
tumour disease. According to a further aspect of the
invention, there is provided the use of a pyrimidine
derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore for the production of
an anti-proliferative effect in a warm-blooded animal
such as man. According to a further feature of this
aspect of the invention there is provided the use of a
pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate orpro-drug
thereof, as defined hereinbefore in the manufacture of
a medicament for use in the production of an
anti-proliferative effect in a warm-blooded animal
such as man. According to a further feature of this
aspect of the invention there is provided the use of a
pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore in the manufacture of
a medicament for use in a warm-blooded animal such as
man as an anti-invasive agent in the containment
and/or treatment of solid tumour disease. According to
a further feature of this aspect of the invention
there is provided a method for producing an
anti-proliferative effect in a warm-blooded animal,
such as man, in need of such treatment which comprises
administering to said animal an effective amount of a
pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore. According to a
further feature of this aspect of the invention there
is provided a method for producing an anti-invasive
effect by the containment and/or treatment of solid
tumour disease in a warm-blooded animal, such as man,
in need of such treatment which comprises
administering to said animal an effective amount of a
pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt thereof, solvate or
pro-drug, as defined hereinbefore. According to a
further aspect of the invention there is provided the
use of a pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore in the manufacture of
a medicament for use in the prevention or treatment of
solid tumour disease in a warm-blooded animal such as
man. According to a further feature of this aspect of
the invention there is provided a method for the
prevention or treatment of solid tumour disease in a
warm-blooded animal, such as man, in need of such
treatment which comprises administering to said animal
an effective amount of a pyrimidine derivative of the
Formula I, or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof, as defined hereinbefore.
According to a further aspect of the invention there
is provided a pyrimidine derivative of the Formula I,
or a pharmaceutically-acceptable salt, solvate or
pro-drug thereof, as defined hereinbefore for use in
the prevention or treatment of those tumours which are
sensitive to inhibition of PDK enzymes (such as the
Class Ia enzymes and/or the Class Ib PDK enzyme) that
are involved in the signal transduction steps which
lead to the proliferation, survival, invasiveness and
migratory ability of tumour cells.According to a
further feature of this aspect of the invention there
is provided the use of a pyrimidine derivative of the
Formula I, or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof, as defined hereinbefore
in the manufacture of a medicament for use in the
prevention or treatment of those tumours which are
sensitive to inhibition of PDK enzymes (such as the
Class Ia enzymes and/or the Class Ib PDK enzyme) that
are involved in the signal transduction steps which
lead to the proliferation, survival, invasiveness and
migratory ability of tumour cells. According to a
further feature of this aspect of the invention there
is provided a method for the prevention or treatment
of those tumours which are sensitive to inhibition of
PDK enzymes (such as the Class Ia enzymes and/or the
Class Ib PDK enzyme) that are involved in the signal
transduction steps which lead to the proliferation,
survival, invasiveness and migratory ability of tumour
cells which comprises administering to said animal an
effective amount of a pyrimidine derivative of the
Formula I, or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof, as defined hereinbefore.
According to a further aspect of the invention there
is provided a pyrimidine derivative of the Formula I,
or a pharmaceutically-acceptable salt, solvate or
pro-drug thereof, as defined hereinbefore for use in
providing a PDK enzyme inhibitory effect (such as a
Class Ia PDK enzyme or Class Ib PDK enzyme inhibitory
effect). According to a further feature of this aspect
of the invention there is provided the use of a
pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore in the manufacture of
a medicament for use in providing a PDK enzyme
inhibitory effect (such as a Class Ia PDK enzyme or
Class Ib PDK enzyme inhibitory effect). According to a
further aspect of the invention there is also provided
a method for providing a PDK enzyme inhibitory effect
(such as a Class Ia PDK enzyme or Class Ib PDK enzyme
inhibitory effect) which comprises administering an
effective amount of a pyrimidine derivative of the
Formula I, or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof, as defined hereinbefore.
As stated hereinbefore, certain compounds of the
present invention, possess substantially better
potency against Class Ia PDK enzymes than against the
Class Ib PDK enzyme or against EGF receptor tyrosine
kinase, VEGF receptor tyrosine kinase or Src
non-receptor tyrosine kinase enzymes. Such compounds
possess sufficient potency against Class Ia PDK
enzymes that they may be used in an amount sufficient
to inhibit Class Ia PDKenzymes whilst demonstrating
little activity against the Class Ib PDK enzyme or
against EGF receptor tyrosine kinase, VEGF receptor
tyrosine kinase or Src non-receptor tyrosine kinase
enzymes. Such compounds are likely to be useful for
the selective inhibition of Class Ia PDK enzymes and
are likely to be useful for the effective treatment
of, for example Class Ia PDK enzyme driven tumours.
According to this aspect of the invention there is
provided a pyrimidine derivative of the Formula I, or
a pharmaceutically-acceptable salt, solvate or
pro-drug thereof, as defined hereinbefore for use in
providing a selective Class Ia PDK enzyme inhibitory
effect. According to a further feature of this aspect
of the invention there is provided the use of a
pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore in the manufacture of
a medicament for use in providing a selective Class Ia
PDK enzyme inhibitory effect. According to a further
aspect of the invention there is also provided a
method for providing a selective Class Ia PDK enzyme
inhibitory effect which comprises administering an
effective amount of a pyrimidine derivative of the
Formula I, or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof, as defined hereinbefore.
By "a selective Class Ia PDK enzyme inhibitory effect"
is meant that the pyrimidine derivatives of the
Formula I are more potent against Class Ia PDK enzymes
than against other kinase enzymes. In particular, some
of the compounds according to the invention are more
potent against Class Ia PDK enzymes than against other
kinases such as receptor or non receptor tyrosine
kinases or serine/threonine kinases. For example a
selective Class Ia PDK enzyme inhibitor according to
the invention is at least 5 times more potent,
preferably at least 10 times more potent, more
preferably at least 100 times more potent, against
Class Ia PDK enzymes than against other kinases.
According to a further feature of the invention there
is provided a pyrimidine derivative of the Formula I,
or a pharmaceutically-acceptable salt, solvate or
pro-drug, as defined hereinbefore for use in the
treatment of cancer of the breast, colorectum, lung
(including small cell lung cancer, non-small cell lung
cancer and bronchioalveolar cancer) and prostate.
According to a further feature of this aspect of the
invention there is provided a pyrimidine derivative of
the Formula I, or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof, as defined hereinbefore
for use in the treatment of cancer of the bile duct,
bone, bladder, head and neck, kidney, liver,
gastrointestinal tissue, oesophagus, ovary,pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and
of leukaemias (including ALL and CML), multiple
myeloma and lymphomas. According to a further feature
of this aspect of the invention there is provided the
use of a pyrimidine derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore in the manufacture of
a medicament for use in the treatment of cancer of the
breast, colorectum, lung (including small cell lung
cancer, non-small cell lung cancer and
bronchioalveolar cancer) and prostate. According to a
further feature of this aspect of the invention there
is provided the use of a pyrimidine derivative of the
Formula I, or a pharmaceutically-acceptable salt,
solvate or pro-drug thereof, as defined hereinbefore
in the manufacture of a medicament for use in the
treatment of cancer of the bile duct, bone, bladder,
head and neck, kidney, liver, gastrointestinal tissue,
oesophagus, ovary, pancreas, skin, testes, thyroid,
uterus, cervix and vulva, and of leukaemias (including
ALL and CML), multiple myeloma and lymphomas.
According to a further feature of this aspect of the
invention there is provided a method for treating
cancer of the breast, colorectum, lung (including
small cell lung cancer, non-small cell lung cancer and
bronchioalveolar cancer) and prostate in a warm
blooded animal such as man that is in need of such
treatment which comprises administering an effective
amount of a pyrimidine derivative of the Formula I, or
a pharmaceutically-acceptable salt, solvate or pro
drug thereof, as defined hereinbefore. According to a
further feature of this aspect of the invention there
is provided a method for treating cancer of the bile
duct, bone, bladder, head and neck, kidney, liver,
gastrointestinal tissue, oesophagus, ovary, pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and
of leukaemias (including ALL and CML), multiple
myeloma and lymphomas in a warm blooded animal such as
man that is in need of such treatment which comprises
administering an effective amount of a pyrimidine
derivative of the Formula I, or a
pharmaceutically-acceptable salt, solvate or pro-drug
thereof, as defined hereinbefore. As stated
hereinbefore, the in vivo effects of a compound of the
Formula I may be exerted in part by one or more
metabolites that are formed within the human or animal
body after administration of a compound of the Formula
I . The anti-cancer treatment defined hereinbefore may
be applied as a sole therapy or may involve, in
addition to the pyrimidine derivative of the
invention, conventional surgery or radiotherapy or
chemotherapy. Such chemotherapy may include one or
more of the following categories of anti-tumour agents
:-(i) other antiproliferative/antineoplastic drags and
combinations thereof, as used in medical oncology,
such as alkylating agents (for example cis-platin,
carboplatin, cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, busulphan and nitrosoureas);
antimetabolites (for example antifolates such as
fluoropyrimidines like 5-fluorouracil and tegafur,
raltitrexed, methotrexate, cytosine arabinoside and
hydroxyurea; antitumour antibiotics (for example
anthracyclines like adriamycin, bleomycin,
doxorubicin, daunomycin, epirubicin, idarubicin,
mitomycin-C, dactinomycin and mithramycin);
antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine
and taxoids like taxol and taxotere); and
topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide,
amsacrine, topotecan and camptothecin); (ii)
cytostatic agents such as antioestrogens (for example
tamoxifen, fulvestrant, toremifene, raloxifene,
droloxifene and iodoxyfene), antiandrogens (for
example bicalutamide, flutamide, nilutamide and
cyproterone acetate), LHRH antagonists or LHRH
agonists (for example goserelin, leuprorelin and
buserelin), progestogens (for example megestrol
acetate), aromatase inhibitors (for example as
anastrozole, letrozole, vorazole and exemestane) and 



inhibitors of 5a-reductase such as finasteride; (iii)
anti-invasion agents (for example c-Src kinase family
inhibitors like 4-(6-chloro-
2,3-methylenedioxyanilino)-7-[2-(4-methylpiperazin-l-y
l)ethoxy]-5-tetrahydropyran- 4-yloxyqyuinazoline
(AZD0530; International Patent Application WO
01/94341) and
-(2-chloro-6-methylphenyl)-2-{6-[4-(2-hydroxyethyl)pip
erazin-l-yl]-2-methylpyrimidin-
4-ylamino}thiazole-5-carboxamide (dasatinib,
BMS-354825; J . Med. Chem. 2004, 47, 6658- 6661), and
metalloproteinase inhibitors like marimastat and
inhibitors of urokinase plasminogen activator receptor
function); (iv) inhibitors of growth factor function:
for example such inhibitors include growth factor
antibodies and growth factor receptor antibodies (for
example the anti-erbB2 antibody trastuzumab
[Herceptin(tm)] and the anti-erbBl antibody cetuximab
[C225]); such inhibitors also include, for example,
tyrosine kinase inhibitors, for example inhibitors of
the epidermal growth factor family (for example EGER
family tyrosine kinase inhibitors such as
JV-(3-chloro-
4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quina
zolin-4-amine (gefitinib, ZDl 839),
iV-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazoli
n-4-amine (erlotinib, OSI-774) and 6-acrylamido-
-(3-chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)quin
azolin-4-amine (CI 1033) and erbB2 tyrosine kinase
inhibitors such as lapatinib), inhibitors of the
hepatocytegrowth factor family, inhibitors of the
platelet-derived growth factor family such as
imatinib, inhibitors of serine/threonine kinases (for
example Ras/Raf signalling inhibitors such as farnesyl
transferase inhibitors, for example sorafenib (BAY
43-9006)) and inhibitors of cell signalling through
MEK, AKT and/or PDK kinases; (v) antiangiogenic agents
such as those which inhibit the effects of vascular
endothelial growth factor, [for example the
anti-vascular endothelial cell growth factor antibody
bevacizumab (Avastin(tm)) and VEGF receptor tyrosine
kinase inhibitors such as 4-(4-bromo-
2-fluoroanilino)-6-methoxy-7-(
1-methylpiperidin-4-ylmethoxy)quinazoline (ZD6474;
Example 2 within WO 01/32651),
4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxy-
7-(3-pyrrolidin-l-ylpropoxy)quinazoline (AZD2171;
Example 240 within WO 00/47212), vatalanib (PTK787; WO
98/35985) and SUl 1248 (sunitinib; WO 01/60814), and
compounds that work by other mechanisms (for example
linomide, inhibitors of integrin avb3 function and
angiostatin)]; (vi) vascular damaging agents such as
Combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WO
00/40529, WO 00/41669, WO 01/92224, WO 02/04434 and WO
02/08213; (vii) antisense therapies, for example those
which are directed to the targets listed above, such
as ISIS 2503, an anti-ras antisense; (viii) gene
therapy approaches, including for example approaches
to replace aberrant genes such as aberrant p53 or
aberrant BRCAl or BRCA2, GDEPT (gene-directed enzyme
pro-drug therapy) approaches such as those using
cytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase
patient tolerance to chemotherapy or radiotherapy such
as multi-drug resistance gene therapy; and (ix)
immunotherapy approaches, including for example
ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumour cells, such as
transfection with cytokines such as interleukin 2,
interleukin 4 or granulocyte-macrophage colony
stimulating factor, approaches to decrease T-cell
anergy, approaches using transfected immune cells such
as cytokine-transfected dendritic cells, approaches
using cytokine-transfected tumour cell lines and
approaches using anti-idiotypic antibodies. Such
conjoint treatment may be achieved by way of the
simultaneous, sequential or separate dosing of the
individual components of the treatment. Such
combination products employ the compounds of this
invention within the dosage range described
hereinbefore andthe other pharmaceutically-active
agent within its approved dosage range. According to
this aspect of the invention there is provided a
pharmaceutical product comprising a pyrimidine
derivative of the formula I as defined hereinbefore
and an additional anti-tumour agent as defined
hereinbefore for the conjoint treatment of cancer.
Although the compounds of the Formula I are primarily
of value as therapeutic agents for use in warm-blooded
animals (including man), they are also useful whenever
it is required to inhibit the effects of PDK enzymes.
Thus, they are useful as pharmacological standards for
use in the development of new biological tests and in
the search for new pharmacological agents. The
invention will now be illustrated in the following
Examples in which, generally : (i) operations were
carried out at ambient temperature, i.e. in the range
17 to 250C and under an atmosphere of an inert gas
such as nitrogen or argon unless otherwise stated;
(ii) reactions conducted under microwave radiation
were performed using a Smith Synthesiser (300 KWatts)
on either the normal or high setting, which instrument
makes use of a temperature probe to adjust the
microwave power ouput automatically in order to
maintain the required temperature; (iii) in general,
the course of reactions was followed by thin layer
chromatography (TLC) and/or analytical high pressure
liquid chromatography (HPLC); the reaction times that
are given are not necessarily the minimum attainable;
(iv) when necessary, organic solutions were dried over
anhydrous magnesium sulphate, work-up procedures were
carried out after removal of residual solids by
filtration, evaporations were carried out by rotary
evaporation in vacuo; (v) yields, where present, are
not necessarily the maximum attainable, and,when
necessary, reactions were repeated if a larger amount
of the reaction product was required; (vi) in general,
the structures of the end-products of the Formula I
were confirmed by nuclear magnetic resonance (NMR)
and/or mass spectral techniques; electrospray mass
spectral data were obtained using a Waters ZMD or
Waters ZQ LC/mass spectrometer acquiring both positive
and negative ion data, generally, only ions relating
to the parent structure are reported; proton NMR
chemical shift values were measured on the delta scale
using a Bruker Spectrospin DPX300 spectrometer
operating at a field strength of 300 MHz; the
following abbreviations have been used: s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; br,
broad;(vii) unless stated otherwise compounds
containing an asymmetric carbon and/or sulphur atom
were not resolved; (viii) intermediates were not
necessarily fully purified but their structures and
purity were assessed by TLC, analytical HPLC,
infra-red (IR) and/or NMR analysis; 5 (ix) unless
otherwise stated, column chromatography (by the flash
procedure) and medium pressure liquid chromatography
(MPLC) were performed on Merck Kieselgel silica (Art.
9385); (x) preparative HPLC was performed on C18
reversed-phase silica, for example on a Waters
'Xterra' preparative reversed-phase column (5 microns
silica, 19 mm diameter, 10 100 mm length) using
decreasingly polar mixtures as eluent, for example
decreasingly polar mixtures of water (containing 1%
acetic acid or 1% aqueous ammonium hydroxide (d=0.88)
and acetonitrile; (xi) the following analytical HPLC
methods were used; in general, reversed-phase silica
was used with a flow rate of about 1ml per minute and
detection was by Electrospray 15 Mass Spectrometry and
by UV absorbance at a wavelength of 254 nm; for each
method Solvent A:was water and Solvent B was
acetonitrile; the following columns and solvent
mixtures were used :- Method Al : Phenomenex Synergi
MAX-RP 80A column (4 microns silica, 2.1 mm diameter,
50 mm length) using a Solvent C comprising 0.1%
aqueous ammonium hydroxide 0 (d=0.88) in deionised
water and a solvent gradient over 4 minutes from a
90:5:5 mixture of Solvents A, B and C respectively to
a 95:5 mixture of Solvents B and C; Method A2 :
Phenomenex Synergi MAX-RP 8qA column (4 microns
silica, 2.1 mm diameter, 50 mm length) using a Solvent
C comprising 0.1% aqueous ammonium hydroxide (d=0.88)
in deionised water and a solvent gradient over 4
minutes from a 95:5 mixture of 5 Solvents B and C
respectively to a 58:37:5 mixture of Solvents A, B and
C respectively; Method A3 : Waters 'Xterra'
reversed-phase column (5 microns silica, 2 mm
diameter, 50 mm length) using a Solvent C comprising a
10 mM aqueous ammonium bicarbonate solution (adjusted
to pHIO by the addition of ammonia) and a solvent
gradient over 4 minutes from a 1:99 mixture of
Solvents B and C to 100% Solvent B; 0 Method Bl :
Phenomenex Synergi MAX-RP 80A column (4 microns
silica, 2.1 mm diameter, 50 mm length) using a Solvent
C comprising a 1:1 mixture of water and acetonitrile
(the mixture containing 1% formic acid) and a solvent
gradient over 4 minutes from a 90:5:5 mixture of
Solvents A, B and C respectively to a 95:5 mixture of
Solvents B and C;Method B2 : Phenomenex Synergi MAX-RP
8OA column (4 microns silica, 2.1mm diameter, 50 mm
length) using a Solvent C comprising a 1:1 mixture of
water and acetonitrile (the mixture containing 1%
formic acid) and a solvent gradient over 4 minutes
from a 95:5 mixture of Solvents A and C to a 58:37:5
mixture of Solvents A, B and C respectively; Method B3
: Phenomenex Synergi MAX-RP 8qA column (4 microns
silica, 2.1 mm diameter, 50 mm length) using a Solvent
C comprising a 1:1 mixture of water and acetonitrile
(the mixture containing 1% formic acid) and a solvent
gradient over 4 minutes from a 35:60:5 mixture of
Solvents A, B and C respectively to a 95:5 mixture of
Solvents B and C; (xii) where certain compounds were
obtained as an acid-addition salt, for example a
mono-hydrochloride salt or a di-hydrochloride salt,
the stoichiometry of the salt was based on the number
and nature of the basic groups in the compound, the
exact stoichiometry of the salt was generally not
determined, for example by means of elemental analysis
data; (xiii) the following abbreviations have been
used:- DMSO dimethylsulphoxide DMA
N,N-dimethylacetamide DMF N,N-dimethylformamide THF
tetrahydrofuranExample 1
2-(3-hydroxymethylphenyl)-6-morpholino-4-(3-piperidin-
4-ylcarbonylaminophenyl)pyrimidine
Diisopropylethylamine (0.031 ml) was added to a
stirred mixture of 5
-(tert-butoxycarbonyl)piperidine-4-carboxylic acid
(0.03 g), 2-(7-azabenzotriazol-l-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate(V)
(0.049 g) and DMA (2 ml) and the resultant mixture was
stirred at ambient temperature for 10 minutes under an
atmosphere of nitrogen. The resultant mixture was
added to 4-(3-aminophenyl)-2-(3-hydroxymethylphenyl)-
6-morpholinopyrimidine (0.043 g) and the mixture was
stirred at ambient temperature for 10 2 hours. The DMA
was evaporated and the residue was purified by column
chromatography on silica using an increasingly polar
solvent gradient from 0% to 5% methanol in methylene
chloride as eluent. A mixture of the material so
obtained and trifluoroacetic acid (2 ml) was stirred
at ambient temperature for 20 minutes. The mixture was
evaporated. Acetonitrile was added and the mixture was
re-evaporated. The residue was purified by HPLC using
a Waters 15 'Xterra' preparative reversed-phase column
(5 microns silica, 19 mm diameter, 100 mm length)
using decreasingly polar mixtures of water [containing
1% aqueous ammonium hydroxide (d=0.88)] and
acetonitrile as eluent. The material so obtained was
purified further by column chromatography on
reversed-phase silica using an 'Isolute SCX-3' column
(1 g; International Sorbent Technology Limited, Mid
Glamorgan, UK) by initially washing the 20 column with
methanol followed by elution with a 7M methanolic
ammonia solution. There was thus obtained the title
compound as a solid (0.012 g); NMR Spectrum: (DMSOd &
CD3CO2D) 1.95-2.06 (m, 2H), 2.63-2.76 (m, IH),
2.88-3.01 (m, 2H), 3.31-3.42 (m, 2H), 3.78 (d, 8H),
4.58 (s, 2H), 7.16 (s, IH), 7.42-7.49 (m, 3H), 7.89
(d, 2H), 8.33-8.43 (m, 3H); Mass Spectrum: M+H1 474.
25 The
4-(3-aminophenyl)-2-(3-hydroxymethylphenyl)-6-morpholi
nopyrimidine used as a starting material was prepared
as follows :- A mixture of 2,4,6-trichloropyrimidine
(3.66 g), 3-nitrophenylboronic acid (3.34 g),
tetrakis(triphenylphosphine)palladium(0) (0.02 g), a
saturated aqueous solution of sodium carbonate (6.36
g) and 1,2-dimethoxyethane (60 ml) was stirred and
heated to 90C for 30 30 minutes and to 85C for 16
hours under an atmosphere of nitrogen. The resultant
reaction mixture was allowed to cool to ambient
temperature. The precipitate was isolated by
filtration and washed with methylene chloride (20 ml).
There was thus obtained
2,6-dichloro4-(3-nitrophenyl)pyrimidine (1.1 g), which
was used without further characterisation. 



A mixture of 2,6-dichloro-4-(3-nitrophenyl)pyrimidine
(1.1 g), morpholine (0.177 g) and DMA (5 ml) was
stirred at ambient temperature for 2 hours. The
solvent was evaporated and the residue was
re-suspended in methylene chloride. The resultant
solid was collected by filtration and washed with a
small amount of methylene chloride. There was thus
obtained
2-chloro-6-morpholino-4-(3-nitrophenyl)pyrimidine
(0.262 g) which was used without further purification.
A sample (0.02 g) of the material was purified by
column chromatography on silica using an increasingly
polar solvent gradient from 0% to 3% ethyl acetate in
methylene chloride as eluent to give purified
2-chloro-6-morpholino-4-(3-nitrophenyl)pyrimidine as a
solid (0.014 g); NMR Spectrum : (DMSOd6) 3.74 (d, 8H),
7.55 (s, IH), 7.83 (t, IH), 8.37 (d, IH), 8.60 (d,
IH), 8.92 (t, IH). A mixture of
2-chloro-6-morpholino-4-(3-nitrophenyl)pyrimidine
(0.242 g), 3-hydroxymethylphenylboronic acid (0.272
g), tetrakis(triphenylphosphine)palladium(0) (0.018
g), a saturated aqueous solution of sodium carbonate
(0.68 g) and 1,2-dimethoxyethane (5 ml) was stirred
and heated to 120C using microwave radiation for 10
minutes under an atmosphere of nitrogen in a sealed
glass tube. The resultant reaction mixture was
evaporated and the residue was purified by column
chromatography on silica using an increasingly polar
gradient of 0% to 10% methanol in methylene chloride
as eluent. There was thus obtained
2-(3-hydroxymethylphenyl)-6-morpholino-4-(3-nitropheny
l)pyrimidine as a solid (0.142 g); NMR Spectrum:
(DMSOd6) 3.71-3.94 (m, 8H), 4.62 (d, 2H), 5.27 (t,
IH), 7.48 (d, 3H), 7.86 (t, IH), 8.35-8.39 (m, 2H),
8.43 (s, IH), 8.77 (d, IH), 9.09 (t, IH). A mixture of
a portion (0.12 g) of the material so obtained,
stannous chloride dihydrate (0.275 g), ethyl acetate
(3 ml) and ethanol (3 ml) was stirred and heated to
60C for 2 hours. The reaction mixture was evaporated
and the residue was treated with a mixture of
methylene chloride (20 ml) and a concentrated aqueous
ammonium hydroxide solution (2 ml, d=0.88). The
mixture was stirred for 5 minutes at ambient
temperature. The resultant precipitate was removed by
filtration and the filtrate was evaporated. The
residue was purified by column chromatography on
silica using an increasingly polar gradient of 0% to
10% methanol in methylene chloride as eluent. There
was thus obtained 4-(3-aminophenyl)-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine
(0.102 g); NMR Spectrum: (DMSOd6) 3.77 (d, 8H), 4.61
(d, 2H), 5.2-5.27 (m, 3H), 6.71 (m, IH), 7.1 (s, IH),
7.16 (t, IH), 7.37 (d, IH), 7.44-7.51 (m, 3H),
8.34-8.37 (m, IH), 8.41 (s, IH).Example 2 Using
analogous procedures to those described in Example 1,
the appropriate
4-(3-aminophenyl)-6-morpholinopyrimidine was reacted
with the appropriate carboxylic acid to give the
compounds described in Table I. Unless otherwise
stated, primary and secondary amino groups in the
carboxylic acid were protected by a iV-t
rt-butoxycarbonyl group which was removed by treatment
with trifluoroacetic acid as described within Example
1. If no such primary or secondary amino group was
present in the carboxylic acid, the procedure of
treatment with trifluoroacetic acid that is described
within Example 1 was omitted. Notes The products gave
the characterising data shown below. [1] iV-(t r
-Butoxycarbonyl)piperidine-3-carboxylic acid was used
as a starting material. The product gave the following
characterising data :- NMR Spectrum: (DMSOd6)
1.42-1.74 (m, 3H), 1.91-2.0 (m, IH), 2.54-2.66 (m,
IH), 2.71-2.8 (m, IH), 2.9-3.0 (m, IH), 3.08-3.18 (m,
IH), 3.73-3.84 (m, 8H), 4.61 (s, 2H), 7.18 (s, IH),
7.41-7.5 (m, 3H), 7.85-7.92 (m, 2H), 8.34- 8.44 (m,
3H), 10.2 (s, IH); Mass Spectrum :M+H4 474. [2]
2-(4-Methylpiperazin-l-yl)acetic acid was used as a
starting material. The product gave the following
characterising data :- NMR Spectrum: (DMSOd6) 2.19 (s,
3H), 2.36-2.44 (m, 4H), 2.53-2.58 (m, 2H), 3.16 (s,
2H), 3.71-3.85 (m, 8H), 4.58-4.65 (m, 2H), 5.24-5.3
(m,IH), 7.2 (s, IH), 7.44-7.51 (m, 3H), 7.83-7.98 (m,
2H), 8.33-8.44 (m, 3H), 9.84 (s, IH); Mass Spectrum :
M+Et 503. [3] 2-[JV-(t r
-Butoxycarbonyl)piperidin-4-yloxy]acetic acid was used
as a starting material. The product gave the following
characterising data :- NMR Spectrum : (DMSOd 6)
1.37-1.57 (m, 2H), 1.86-1.98 (m, 2H), 3.72-3.86 (m,
8H), 4.13 (s, 2H), 4.61 (s, 2H), 7.21 (s, IH),
7.41-7.51 (m, 3H), 7.85-8.0 (m, 2H), 8.33-8.47 (m,
3H); Mass Spectrum : M+H 504. [4] - iV- t
rt-Butoxycarbony^aminomethyljbenzoic acid was used as
a starting material. The product gave the following
characterising data :- NMR Spectrum : (DMSOd 6)
3.7-3.88 (m, 10H), 4.61 (s, 2H), 5.21-5.33 (m, IH),
7.23 (s, IH), 7.43-7.62 (m, 5H), 7.82-7.89 (m, IH),
7.95-8.07 (m, 3H), 8.36-8.46 (m, 2H), 8.58 (s, IH),
10.39 (s, IH); Mass Spectrum : M+H 496. Example 3
2-(3-hydroxymethylphenyl)-6-morpholino-4-(4-piperidin-
3-ylcarbonyIaminophenyl)pyrimidine
Diisopropylethylamine (0.048 ml) was added to a
stirred mixture of -(t
rt-butoxycarbonyl)piperidine-3-carboxylic acid (0.038
g), 2-(7-azabenzotriazol-l-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate(V)
(0.066 g) and DMA (2 ml) and the resultant mixture was
stirred at ambient temperature for 40 minutes under an
atmosphere of nitrogen. The resultant mixture was
added to 4-(4-aminophenyl)-2-(3-hydroxymethylphenyl)-
6-morpholinopyrimidine (0.05 g) and the mixture was
stirred at ambient temperature for 18 hours. The DMA
was evaporated and the residue was partitioned between
methylene chloride and an aqueous ammonium hydroxide
solution (d=0.88). The organic layer was evaporated. A
mixture of the material so obtained, trifluoroacetic
acid (0.5 ml) and methylene chloride (1.5 ml) was
stirred at ambient temperature for 20 minutes. The
reaction mixture was evaporated and the residue was
purified by HPLC using a Waters 'Xterra' preparative
reversed-phase column (5 microns silica, 19 mm
diameter, 100 mm length) using decreasingly polar
mixtures of water [containing 1% aqueous ammonium
hydroxide (d=0.88)] and acetonitrile as eluent. The
material so obtained was triturated under diethyl
ether. The resultant solid was isolated by filtration,
washed with diethyl ether and dried. There was thus
obtained the title compound as a solid (0.031 g); NMR
Spectrum :(DMSOd ) 1.33 (m, IH), 1.54 (m, 2H), 1.83
(m, IH), 2.58 (t, 2H), 2.79 (m, IH), 2.98 (m, 2H),
3.65-3.77 (m, 8H), 4.53(s, IH), 5.16 (s, IH), 7.17 (d,
IH), 7.4 (m, 2H), 7.69 (d, 2H), 8.19 (d, 2H), 8.28 (t,
IH), 8.36 (s, IH), 10.09 (s, IH); Mass Spectrum: M+H1
474. The
4-(4-aminophenyl)-2-(3-hydroxymethylphenyl)-6-morpholi
nopyrimidine used as a starting material was prepared
as follows :- Diisopropylethylamine (6.3 g) was added
to a stirred solution of 2,4,6-trichloropyrimidine (10
g) in methylene chloride (100 ml) that had been cooled
to 0C. Morpholine (4.3 g) was added slowly and the
resultant reaction mixture was stirred at ambient
temperature for 3 hours. The mixture was washed with a
saturated aqueous sodium bicarbonate solution. The
organic layer was separated, dried over magnesium
sulphate and evaporated. The residue was purified by
column chromatography on silica using an increasingly
polar solvent gradient from mixtures of isohexane and
methylene chloride. The more polar isomeric product
was collected. There was thus obtained 2,4-dichloro-
6-morpholinopyrimidine as a solid (7.8 g); NMR
Spectrum: (DMSOd6) 3.60-3.74 (m, 8H), 6.96 (s, IH);
Mass Spectrum : M -H+ 234. A mixture of
3-hydroxymethylphenylboronic acid (4.5 g),
2,4-dichloro- 6-morpholinopyrimidine (7 g),
tetrakis(triphenylphosphine)palladium(0) (0.35 g), a
saturated aqueous solution of sodium carbonate (12.7
g) and 1,4-dioxane (250 ml) was stirred and heated to
105C for 4 hours under an atmosphere of nitrogen. The
resultant reaction mixture was evaporated. The residue
was partitioned between ethyl acetate and water. The
organic phase was washed with brine, dried over
magnesiun sulphate and evaporated. The material so
obtained was triturated under methanol. The resultant
solid was isolated, washed with methanol and dried.
There was thus obtained
4-chloro-2-(3-hydroxymethylphenyl)-
6-morpholinopyrimidine (2.25 g); NMR Spectrum:
(DMSOd6) 3.58-3.81 (m, 8H), 4.57 (d, 2H), 5.27 (t,
IH), 6.9 (s, lH),7.41-7.47 (m, 2H), 8.15-8.19 (m, IH),
8.27 (s, IH); Mass Spectrum: M+H* 306. During a period
of 1 hour, nitrogen gas was passed through a mixture
of
4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)aniline
(5.13 g), 4-chloro-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine (6.5
g) and 1,4-dioxane (175 ml).
Tetrakis(triphenylphosphine)palladium(0) (1.23 g) was
added followed by a saturated aqueous solution
containing sodium carbonate (9.03 g). The resultant
mixture was stirred and heated to 86C for 18 hours
under an atmosphere of nitrogen. The resultant
reaction mixture was cooled to ambient temperature.
The precipitated solid was isolated by filtration,
washed in turn with1,4-dioxane and distilled water and
dried. There was thus obtained 4-(4-aminophenyl)-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine (6.81
g); NMR Spectrum : (DMSOd6) 3.76 (s, 8H), 4.6 (d, 2H),
5.25 (t, IH), 5.57 (s, 2H), 6.67 (d, 2H), 7.05 (s,
IH), 7.42 (d, 2H), 7.44 (d, 2H), 8.04 (d, 2H), 8.32
(m, IH), 8.41 (s, IH); Mass Spectrum : M+H 1 363.
Example 4 Using analogous procedures to those
described in Example 3, the appropriate
4-(4-aminophenyl)-6-morpholinopyrimidine was reacted
with the appropriate carboxylic acid to give the
compounds described in Table H Unless otherwise
stated, primary and secondary amino groups in the
carboxylic acid were protected by a
iV-tert-butoxycarbonyl group which was removed by
treatment with trifluoroacetic acid as described
within Example 3. If no such primary or secondary
amino group was present in the carboxylic acid, the
procedure of treatment with trifluoroacetic acid that
is described within Example 3 was omitted.Notes The
products gave the characterising data shown below. [1]
NMR Spectrum: (DMSOd6) 1.12 (d, 6H), 2.6-2.67 (m, 3H),
2.64-2.67 (m, IH), 3.72- 3.82 (m, 8H), 4.59 (d, 2H),
5.24 (t, IH), 7.22 (s, IH), 7.42-7.45 (m, 2H), 7.77
(d, 2H), 8.26 (d, 2H), 8.31-8.36 (m, 2H), 8.43 (s,
IH), 10.02 (s, IH); Mass Spectrum : MH-H+ 433. [2]
Mass Spectrum : MH-H+ 490; HPLC: method Al , Retention
Time 2.24 minutes. [3] NMR Spectrum: (DMSOd6)
3.72-3.86 (m, 8H), 4.61 (s, 2H), 5.26 (s, IH), 7.24
(s, IH), 7.42-7.47 (m, 2H), 7.82 (d, 2H), 8.28 (d,
2H), 8.34-8.37 (m, IH), 8.44 (s, IH); Mass Spectrum:
MH-H+ 420.[4] NMR Spectrum : (DMSOd6) 2.34 (s, 3H),
3.74-3.84 (m, 8H), 4.61 (s, 2H), 5.25 (s, IH), 7.24
(s, IH), 7.82 (d, 2H), 8.28 (d, 2H), 8.34-8.37 (m,
IH), 8.44 (s, IH); Mass Spectrum : M+H4 434. [5] Mass
Spectrum : M+H 448; HPLC: method A3, Retention Time
2.84 minutes. [6] Mass Spectrum : M+H 1 476; HPLC:
method B1, Retention Time 1.1 minutes. [7] Mass
Spectrum : M+H* 448; HPLC: method Bl, Retention Time
2.86 minutes. [8] NMR Spectrum : (DMSOd6) 3.3 (s, 3H),
3.74-3.84 (m, 8H), 3.92 (d, 2H), 4.61 (d, 2H), 5.26
(t, IH), 7.25 (s, IH), 7.43-7.48 (m, 2H), 7.76 (d,
2H), 8.21 (t, 2H), 8.29 (d, 2H), 8.34-8.38 (m, IH),
8.44 (s, IH), 10.18 (s, IH); Mass Spectrum : M+H4 462.
[9] Mass Spectrum : M+H 492; HPLC: method A3,
Retention Time 2.44 minutes. [10] Mass Spectrum : M+H1
490; HPLC: method Bl, Retention Time 2.64 minutes.
[11] NMR Spectrum : (DMSOd6) 1.48-1.6 (m, 2H),
1.68-1.75 (m, 2H), 3.0 (d, 2H), 3.73-3.84 (m, 8H),
4.61 (s, 2H), 5.26 (s, IH), 7.23 (s, IH), 7.42-7.47
(m, 2H), 7.78 (d, 2H), 8.26 (d, 2H), 8.33-8.37 (m,
IH), 8.43 (s, IH), 10.04 (s, IH); Mass Spectrum : M+H
474. [12] NMR Spectrum : (DMSOd6) 1.62-1.74 (m, 2H),
1.74-1.82 (m, 2H), 1.84-1.91 (m, 2H), 2.18 (s, 3H),
2.27-2.37 (m, IH), 2.84 (d, 2H), 3.73-3.84 (m, 8H),
4.61 (d, 2H), 5.24-5.28 (m, IH), 7.24 (s, IH),
7.43-7.47 (m, 2H), 7.78 (d, 2H), 8.27 (d, 2H),
8.34-8.37 (m, IH), 8.43 (s, IH), 10.07 (s, IH); Mass
Spectrum : M+H4 488. [13] Mass Spectrum :M+H 474;
HPLC: method Bl, Retention Time 3.07 minutes. [14] NMR
Spectrum : (DMSOd6) 1.79-1.9 (m, IH), 2.04-2.14 (m,
IH), 2.83-2.9 (m, IH), 2.96-3.03 (m, IH), 3.72-3.85
(m, 8H), 3.99 (t, IH), 4.27 (s, IH), 4.61 (d, 2H),
4.79-4.84 (m, IH), 5.26 (t, IH), 7.25 (s, IH),
7.42-7.47 (m, 2H), 7.83 (d, 2H), 8.26-8.45 (m, 4H),
10.22 (s, IH); Mass Spectrum : M+H4 476. [15] NMR
Spectrum : (DMSOd6) 3.3 (s, 3H), 3.74-3.84 (m, 8H),
3.92 (d, 2H), 4.61 (d, 2H), 5.26 (t, IH), 7.25 (s,
IH), 7.43-7.48 (m, 2H), 7.76 (d, 2H), 8.21 (t, 2H),
8.29 (d, 2H), 8.34-8.38 (m, IH), 8.44 (s, IH), 10.18
(s, IH); Mass Spectrum : M+H4 446. [16] NMR Spectrum :
(DMSOd6) 1.06-1.17 (m, IH), 1.3-1.42 (m, IH),
1.52-1.59 (m, IH), 1.74-1.82 (m, IH), 1.84-1.95 (m,
IH), 2.18-2.26 (m, 3H), 2.39-2.46 (m, IH), 3.73-3.84
(m, 8H), 4.61 (d, 2H), 5.26 (t, IH), 7.23 (s, IH),
7.43-7.48 (m, 2H), 7.76 (d, 2H), 8.26 (d, 2H),
8.33-8.37 (m, IH), 8.43 (s, IH), 10.07 (s, IH); Mass
Spectrum :M+E? 488. [17] NMR Spectrum : (DMSOd6)
1.34-1.44 (m, 2H), 1.87-1.95 (m, 2H), 2.92-3.0 (m,
2H), 3.43-3.52 (m, IH), 3.73-3.85 (m, 8H), 4.12 (s,
2H), 4.59-4.63 (m, 2H), 5.23-5.28 (m, IH), 7.25(s,
IH), 7.43-7.47 (m, 2H), 7.83 (d, 2H), 8.28 (d, 2H),
8.34-8.37 (m, IH), 8.43 (s, IH); Mass Spectrum :M+H
504. [18] NMR Spectrum : (DMSOd6) 3.75-3.86 (m, 10H),
4.62 (s, 2H), 5.27 (s, IH), 7.28 (s, 



IH), 7.44-7.51 (m, 3H), 7.58 (d, IH), 7.82-7.85 (m,
IH), 7.96-7.99 (m, 3H), 8.27-8.39 (m, 3H), 8.45 (s,
IH); Mass Spectrum :M+H 496. [19] NMR Spectrum :
(DMSOd6) 3.73-3.86 (m, 10H), 4.62 (s, 2H), 5.27 (s,
IH), 7.28 (s, IH), 7.43-7.54 (m, 4H), 7.94-8.05 (m,
4H), 8.30-8.39 (m, 3H), 8.45 (s, IH); Mass Spectrum :
M+ 496. [20] Mass Spectrum : M+H1 468; HPLC: method
Bl, Retention Time 1.45 minutes. [21] Mass Spectrum :
M+H 469; HPLC: method Bl, Retention Time 2.89 minutes.
[22] Mass Spectrum : M+H1 471; HPLC: method Bl,
Retention Time 2.86 minutes. [23] Mass Spectrum : M+H
1 458 ; HPLC: method B1, Retention Time 1.07 minutes.
[24] Mass Spectrum : M+H* 496; HPLC: method Bl,
Retention Time 2.78 minutes. [25] Mass Spectrum : M+H
499; HPLC: method A3, Retention Time 2.88 minutes.
[26] Mass Spectrum : M+H1 472; HPLC: method A3,
Retention Time 2.28 minutes. [27] Mass Spectrum : M+lT
458 ; HPLC: method A3, Retention Time 2.3 minutes.
[28] Mass Spectrum :M+H 1 473; HPLC: method A3,
Retention Time 2.15 minutes. [29] Mass Spectrum : M+H1
497; HPLC: method A3, Retention Time 2.62 minutes.
Example 5
2-(2-fluoro-3-hydroxyphenyl)-6-morpholino-4-(3-piperid
in-3- ylcarbonylaminophenyl)pyrimidine A mixture of
2-fluoro-3-hydroxyphenylboronic acid (0.058 g),
2-chloro-
6-morpholino-4-(3-piperidin-3-ylcarbonylaminophenyl)py
rimidine (0. 15 1 g),
tetrakis(triphenylphosphine)palladium(0) (0.014 g), a
saturated aqueous solution containing sodium carbonate
(0.106 g) and 1,4-dioxane (3 ml) was placed in a
sealed glass tube under an atmosphere of nitrogen and
heated to 140C using microwave radiation for 15
minutes. The resultant reaction mixture was evaporated
and the residue was partitioned between methylene
chloride and water. The organic layer was washed with
brine, dried over magnesium sulphate and evaporated.
The residue was purified by HPLC using a Waters
'Xterra' preparative reversed-phase column (5 microns
silica, 19 mm diameter, 100 mm length) using
decreasingly polar mixtures of water [containing 1%
aqueous ammonium hydroxide (d=0.88)] andacetonitrile
as eluent. The material so obtained was purified
further by column chromatography on silica using an
increasingly polar gradient of 0% to 10% methanol in
methylene chloride as eluent. There was thus obtained
the title compound as a colourless solid (0.013 g);
NMR Spectrum : (DMSOd6) 1.48 (m, IH), 1.8 (m, 2H),
1.88 (m, IH), 2.63 (m, IH), 2.84 (m, IH), 3.02 (m,
IH), 3.71 (m, 8H), 7.05 (m, 2H), 7.18 (s, IH), 7.4 (m,
2H), 7.84 (d, 2H), 8.3 (s, IH), 10.08 (s, IH): Mass
Spectrum : MH-H+ 478. The
2-fluoro-3-hydroxyphenylboronic acid used as a
starting material was prepared as follows :- A
solution of boron tribromide (0.85 ml) in dry
methylene chloride (2 ml) was added to a stirred
solution of 2-fluoro-3-methoxyphenylboronic acid (0.51
g) in dry methylene chloride (20 ml) that had been
cooled to 0C. The reaction mixture was stirred at 0C
for 1 hour. Methanol (7 ml) was added and the reaction
stirred for a further hour at 0C. The resultant
mixture was evaporated. Methanol (2 ml) was added to
the residue and the solution was evaporated. The
residue was triturated under diethyl ether and the
mixture was filtered. The filtrate was evaporated and
the residue was triturated under acetonitrile. The
resultant solid was isolatedby filtration, washed with
acetonitrile and dried. There was thus obtained
2-fluoro-3-hydroxyphenylboronic acid (0.064 g); NMR
Spectrum : (DMSOd6) 6.86-6.98 (m, 3H), 8.07 (s, 2H),
9.47 (s, IH). The
2-chloro-6-morpholino-4-(3-piperidin-3-ylcarbonylamino
phenyl)pyrimidine used as a starting material was
prepared as follows :- Stannous chloride dihydrate (12
g) was added to a stirred suspension of 2-chloro-
6-morpholino-4-(3-nitrophenyl)pyrimidine (4.27 g) in
ethyl acetate (220 ml) and the resultant mixture was
stirred and heated to 6O0C for 3.5 hours. The reaction
mixture was allowed to cool and aqueous ammonium
hydroxide (d=0.88; 60 ml) was added. The mixture was
stirred vigorously for 30 minutes after which the
ethyl acetate layer was decanted off. The organic
solvent was evaporated and the residue was purified by
column chromatography on silica using an increasingly
polar gradient of 0% to 30% ethyl acetate in methylene
chloride as eluent. There was thus obtained
4-(3-aminophenyl)-2-chloro-6-morpholinopyrimidine as a
solid (1.29 g); NMR Spectrum : (DMSOd6) 3.69 (s, 8H),
5.26 (s, 2H), 6.7 (m, IH), 7.13 (t, IH), 7.16 (s, IH),
7.24 (m, IH), 7.34 (t, IH); Mass Spectrum : M+H 1 291.
Diisopropylethylamine (1.07 g) was added to a stirred
solution of -(t
rt-butoxycarbonyl)piperidine-3-carboxylic acid (1.23
g),
2-(7-azabenzotriazol-l-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (2.04 g) and DMA (20 ml) and the
mixture was stirred at ambient temperature for 5
minutes. 4-(3-Aminophenyl)-2-chloro-
6-morpholinopyrimidine (1.2 g) was added and the
reaction mixture was stirred at ambient temperature
for 2 hours. The solution was evaporated and the
residue was adsorbed onto reversed-phase silica using
an 'Isolute SCX-3' column (50 g) and allowed to stand
for 5 minutes. The column was eluted initially with a
10: 1 mixture of methylene chloride and methanol.
There was thus obtained
4-{3-[iV-(tert-butoxycarbonyl)piperidin-
3-ylcarbonylamino]phenyl}-2-chloro-6-morpholinopyrimid
ine (0.52 g); NMR Spectrum : (CDCl3) 1.41 (s,
9H),1.43-1.51 (m, 2H), 1.81-1.9 (m, IH), 1.99-2.06 (m,
IH), 2.41-2.49 (m, IH), 3.11-3.26 (m, IH), 3.43-3.84
(m, HH), 6.7 (s, IH), 7.19 (s, IH), 7.33 (t, IH),
7.62-7.68 (m, 2H), 8.11 (s, IH). The column was
subsequently eluted with a 7M methanolic ammonia
solution. There was thus obtained
2-chloro-6-morpholino-4-(3-piperidin-3-
ylcarbonylaminophenyl)pyrimidine as a solid (0.52 g);
NMR Spectrum : (CDCl3) 1.69-1.82 (m, 3H), 3.06-3.17
(m, 2H), 3.25-3.31 (m, IH), 3.62-3.82 (m, HH), 6.75
(s, IH), 7.36 (t, IH), 7.64 (d, IH), 7.74 (d, IH),
8.15 (s, IH), 10.04 (s, IH). Example 6
2-(3-hydroxyphenyl)-6-morpholino-4-(3-piperidin-3-ylca
rbonylaminophenyl)pyrimidine A mixture
4-{3-[iV-(tert-butoxycarbonyl)piperidin-3-ylcarbonylam
ino]phenyl}- 2-chloro-6-morpholinopyrimidine (0.05 g),
3-hydroxyphenylboronic acid (0.0275 g), caesium
fluoride (0.03 g),
[l,r-bis(diphenylphosphino)ferrocene]dichloropalladium
(II) 1:1 complex with methylene chloride (0.004 g),
and methanol (2 ml) was placed in a sealed glass tube
under an atmosphere of nitrogen and heated to 8O0C for
16 hours. The reaction mixture was allowed to cool and
added to an 'isolute SCX3' column (that had previously
been equilibrated with methanol). The column was
eluted initially with methanol followed by a 7M
methanolic ammonia solution. There was thus obtained a
sample of 4-{3-[iV-(t
rt-butoxycarbonyl)piperidin-3-ylcarbonylamino]phenyl}-
2-(3-hydroxyphenyl)- 6-morpholinopyrimidine which was
dissolved in methylene chloride (1.5 ml) and treated
with trifluoroacetic acid (0.5 ml) at ambient
temperature for 30 minutes. The solvent and excess of
trifluoroacetic acid were evaporated and the resultant
residue was purified by HPLC using a Waters 'Xterra'
preparative reversed-phase column (5 microns silica,
19 mm diameter, 100 mm length) using decreasingly
polar mixtures of water [containing 0.1%
trifluoroaceticacid] and acetonitrile as eluent. The
material so obtained was passed through an 'Isolute
SCX-3' reversed-phase silica column (10 g) using
initially methanol and subsequently 7M methanolic
ammonia solution as eluents. The material so obtained
was triturated under diethyl ether. The resultant
solid was washed with diethyl ether and dried. There
was thus obtained the title compound (0.02 g); Mass
Spectrum: M+ET 460; HPLC: method B1, Retention Time
1.1 minutes. Example 7 Using analogous procedures to
those described in Example 1, the appropriate
4-(3-aminophenyl)-2-(3-hydroxymethylphenyl)-6-morpholi
nopyrimidine was reacted with the appropriate
carboxylic acid to give the compounds described in
Table HI. Unless otherwise stated, primary and
secondary amino groups in the carboxylic acid were
protected by a iV-t Jt-butoxycarbonyl group which was
removed by treatment with trifluoroacetic acid as
described within Example 1. Table III Notes The
products gave the characterising data shown below.[1]
-(ter -Butoxycarbonyl)piperidine-3-carboxylic acid was
used as a starting material. The product gave the
following characterising data :- NMR Spectrum :
(DMSOd6) 1.32-1.47 (m, IH), 1.52-1.68 (m, 2H),
1.84-1.94 (m, IH), 2.62 (t, 2H), 2.82-2.89 (m, IH),
3.0-3.08 (m, IH), 3.76 (s, 8H), 4.57-4.62 (m, 2H),
5.26 (t, IH), 7.05 (s, IH), 7.29 (t, IH), 7.47 (d,
2H), 7.83- 7.91 (m, IH), 8.17-8.22 (m, IH), 8.3-8.39
(m, 2H), 10.14 (s, IH); Mass Spectrum: M+H 492. The
4-(3-aniino-6-fluorophenyl)-2-(3-hydroxymethylphenyl)-
6-morpholinopyrimidine used as a starting material was
prepared as follows :- A mixture of
4-chloro-2-(3-hydroxymethylphenyl)-6-morpholinopyrimid
ine (0.31 g), 3-amino-6-fluorophenylboronic acid
(0.185 g), tetrakis(triphenylphosphine)palladium(0)
(0.017 g), a saturated aqueous solution of sodium
carbonate (0.424 g) and 1,4-dioxane (16 ml) was placed
in a sealed glass tube under an atmosphere of nitrogen
and heated to 12O0C using microwave radiation for 15
minutes. A second portion (0.185 g) of 3-amino-
6-fluorophenylboronic acid was added and the reaction
mixture was heated to 140C using the same procedure.
The resultant reaction mixture was evaporated and the
residue was purified by column chromatography on
silica using an increasingly polar gradient of 0%to
100% ethyl acetate in methylene chloride as eluent.
There was thus obtained 4-(3-amino-6-fluorophenyl)-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine as a
solid (0.343 g); NMR Spectrum : (DMSOd6) 3.67-3.78 (m,
8H), 4.59 (d, 2H), 5.13 (s, IH), 5.25 (t, IH),
6.62-6.72 (m, IH), 6.97-7.03 (m, 2H), 7.23-7.29 (m,
IH), 7.45 (d, 2H), 8.31 (t, IH), 8.37 (s, IH). [2] 2-[
-(tert-Butoxycarbonyl)piperidin-4-yloxy]acetic acid
was used as a starting material. The product gave the
following characterising data :- NMR Spectrum:
(DMSOd6) 1.28-1.44 (m, 2H), 1.84-1.96 (m, 2H),
2.35-2.55 (m, 2H), 2.87-2.99 (m, 2H), 3.39-3.49 (m,
IH), 4.11 (s, 2H), 4.59 (s, 2H), 5.21-5.32 (m, IH),
7.06 (s, IH), 7.32 (t, IH), 7.46 (d, 2H), 7.83-7.91
(m, IH), 8.26-8.35 (m, 2H), 8.38 (s, IH), 8.83 (s,
IH); Mass Spectrum: M+H 1 522. [3] NMR Spectrum:
(DMSOd6 & CD3CO2D) 1.68-1.77 (m, 2H), 2.04-2.16 (m,
IH), 2.9-3.38 (m, 5H), 3.71-3.83 (m, 8H), 4.59 (s,
2H), 7.17 (s, IH), 7.35-7.46 (m, 3H), 8.05-8.12 (m,
IH), 8.3-8.34 (m, IH), 8.4 (s, IH), 8.66 (d, IH); Mass
Spectrum :M+ t 492. The
4-(3-amino-4-fluorophenyl)-2-(3-hydroxymethylphenyl)-6
-morpholinopyrimi dine used as a starting material was
prepared by the reaction of
3-amino-4-fluorophenylboronic acid and
4-chloro-2-(3-hydroxymethylphenyl)-6-morpholinopyrimid
ine using an analogous procedure to that described in
Note [1] above. The required starting material gave
thefollowing characterising data :- NMR Spectrum:
(DMSOd6) 3.77 (s, 8H), 4.61 (d, 2H), 5.23-5.29 (m,
2H), 7.08-7.15 (m, 2H), 7.39-7.47 (m, 3H), 7.75 (m,
IH), 8.33-8.36 (m, IH), 8.40 (s, IH). [4]
iV-(tert-Butoxycarbonyl)piperidine-4-carboxylic acid
was used as a starting material. The product gave the
following characterising data :- Mass Spectrum : MH-H+
448; HPLC: method Al, Retention Time 2.14 minutes. The
4-(3-aniino-4-methylphenyl)-2-(3-hydroxymethylphenyl)-
6-morpholinopyrimidine used as a starting material was
prepared by the reaction of
3-amino-4-methylphenylboronic acid and
4-chloro-2-(3-hydroxymethylphenyl)-6-morpholinopyrimid
ine using an analogous procedure to that described in
Note [1] above. The required starting material gave
the following characterising data :- Mass Spectrum:
M+H* 377. Example 8
2-(3-hydroxyphenyl)-6-morpholino-4-(6-fluoro-3-piperid
in-3- ylcarbonylammophenyl)pyrimidine Using analogous
procedures to those described in Example 1,
4-(3-amino-
6-fluorophenyl)-2-(3-hydroxyphenyl)-6-morpholinopyrimi
dine (0.153 g) was reacted with -( r
-butoxycarbonyl)piperidine-3-carboxylic acid (0.107 g)
and the resultant product was treated with
trifluoroacetic acid. There was thus obtained the
title compound (0.138 g); NMR Spectrum: (DMSOd6) 1.86
(broad peak, IH), 2.08 (s, IH), 2.85 (broad peak, IH),
2.95 (t, IH), 3.11 (t, IH), 3.2 (d, IH), 3.35 (t, IH),
3.75 (s, 8H), 6.91 (d, IH), 7.06 (s, IH), 7.32 (m,
2H), 7.88 (m, 3H), 8.24 (d, IH), 8.59 (s, IH), 9.52
(s, IH), 10.38 (s, IH); Mass Spectrum: M+H 478. The
4-(3-amino-6-fluorophenyl)-2-(3-hydroxy
rhenyl)-6-morpholinopyrimidine used as a starting
material was prepared as follows :- A solution of
sodium carbonate (1.89 g) in the minimum volume of
distilled water was 



added to a mixture of
2,4-dichloro-6-morpholinopyrimidine (1.04 g),
3-hydroxyphenylboronic acid (0.472 g) and 1,4-dioxane
(40 ml) under an atmosphere of nitrogen.
Tetrakis(triphenylphosphine)palladium(0) (0.111 g) was
added and the resultant mixture was stirred and heated
at reflux for 4 hours under an atmosphere of nitrogen.
The mixture was cooled to ambient temperature. The
solvents were evaporated and the residue was
partitioned between ethyl acetate and water. The
organic phase was washed with brine, dried
overanhydrous magnesium sulphate and evaporated. The
crude product was purified by column chromatography on
silica using an increasingly polar gradient of 0% to
30% ethyl acetate in methylene chloride as eluent.
There was thus obtained 4-chloro-2-(3-hydroxyphenyl)-
6-morpholinopyrimidine as a solid (0.38 g); NMR
Spectrum: (DMSOd6) 3.70(t, 8H), 6.9 (m, IH), 7.25 (s,
IH), 7.3 (t, IH), 7.55 (m, 2H), 9.6 (s, IH); Mass
Spectrum:M+ 292. A solution of sodium carbonate (0.16
g) in the minimum volume of distilled water was added
to a mixture of
4-chloro-2-(3-hydroxyphenyl)-6-morpholinopyrimidine
(0.107 g), 3-amino-6-fluorophenylboronic acid (0.071
g) and 1,4-dioxane (2 ml) under an atmosphere of
nitrogen. Tetrakis(triphenylphosphine)palladium(0)
(0.015 g) was added and the resultant mixture was
placed in a sealed glass tube under an atmosphere of
nitrogen and heated to 12O0C using microwave radiation
for 15 minutes. The mixture was cooled to ambient
temperature. The solvents were evaporated and the
residue was partitioned between ethyl acetate and
water. The organic phase was washed with brine, dried
over anhydrous magnesium sulphate and evaporated. The
crude product was purified by column chromatography on
silica using an increasingly polar gradient of 0% to
100% ethyl acetate in methylene chloride. There was
thus obtained
4-(3-amino-6-fluorophenyl)-2-(3-hydroxyphenyl)-6-morph
olinopyrimidine as a solid (0.076 g); NMR Spectrum:
(DMSOd6) 3.74 (m, 8H), 5.13 (s, 2H), 6.68 (m, IH),
6.89 (d, IH), 7.0 (m, 2H), 7.26 (m, 2H), 7.88 (m, 2H),
9.48 (s, IH); Mass Spectrum: M+H 367. Example 9
4-[6-fluoro-3-(piperazin-l-ylcarbonylamino)phenyl]-2-(
3-hydroxymethylphenyl)- 6-morpholinopyrimidine Under
an atmosphere of nitrogen, 4-(3-amino-6-fluorophenyl)-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine (0.06
g) and diisopropylethylamine (0.054 ml) were added in
turn to a stirred solution of bis(trichloromethyl)
carbonate (0.03 g) in dry dioxan (2 ml). The reaction
mixture was stirred at ambient temperature for 5
minutes. r -Butyl piperazine-1-carboxylate (0.057 g)
was added and the mixture was stirred at ambient
temperature for 3 hours. The solvents were evaporated.
Trifluoroacetic acid (1 ml) and methylene chloride (1
ml) were added to the residue and the resultant
solution was stirred at ambient temperature for 20
minutes. The mixture was evaporated and the crude
product was purified by HPLC using a Waters 'Xterra'
preparative reversed-phase column (5 microns silica,
19 mm diameter, 100 mm length) using decreasingly
polar mixtures of water [containing1% aqueous ammonium
hydroxide (d=0.88)] and acetonitrile as eluent. The
material so obtained was treated with methanol and the
mixture was filtered and the filtrate was evaporated.
The resultant material was triturated under diethyl
ether to give a solid which was isolated, washed with
diethyl ether and dried. There was thus obtained the
title compound (0.017 g); NMR Spectrum: (DMSOd)
2.61-2.1 (m, 4H), 3.35-3.42 (m, 4H), 3.75 (s, 8H),
4.57-4.62 (m, 2H), 5.25 (t, IH), 7.03 (s, IH), 7.23
(t, IH), 7.45-7.47 (m, 2H), 7.68 (m, IH), 8.05 (m,
IH), 8.30-8.34 (m, IH), 8.37 (s, IH), 8.64 (s, IH):
Mass Spectrum : M+H 493. Example 10
2-(3-hydroxymethyIphenyl)-6-morphoIino-4-(3-piperazin-
lylcarbonylaminophenyl) pyrimidine Using analogous
procedures to those described in Example 9,
bis(trichloromethyl) carbonate was reacted with
4-(3-aminophenyl)-2-(3-hydroxymethylphenyl)-
6-morpholinopyrimidine and tert-bxxty\
piperazine-1-carboxylate. The resultant product was
treated with trifluoroacetic acid. There was thus
obtained the title compound in 33% yield; NMR Spectrum
: (DMSOd6) 2.7-2.75 (m, 4H), 3.37-3.44 (m, 4H),
3.73-3.86 (m, 8H), 4.61 (s, 2H), 5.26 (s, IH), 7.16
(s, IH), 7.39 (t, IH), 7.45-7.48 (m, 2H), 7.67-7.73
(m, IH), 1.19-1. S3 (m, IH), 8.24 (s, IH), 8.35-8.43
(m, 2H), 8.6 (s, IH); Mass Spectrum : MH-H+ 475.
Example 11 2-(3-hydroxymethylphenyl)-4-[3-( -methyl-
-piperidin-4-ylcarbonylamino)phenyl]-
6-morpholinopyrimidine A solution of benzyl
4-(chlorocarbonyl)piperidine-l-carboxylate (0.114 g)
in THF (0.5 ml) was added to a solution of
2-(3-hydroxymethylphenyl)-4-[3-(N-methylamino)phenyl]-
6-morpholinopyrimidine (0.102 g) and
diisopropylethylamine (0.076 ml) in THF (1.5 ml) and
the resultant reaction mixture was stirred at ambient
temperature for 10 minutes. The reaction mixture was
partitioned between methylene chloride and water. The
organic layer was washed with brine, dried over
magnesium sulphate and evaporated. The residue was
purified by column chromatography on silica using an
increasingly polar solvent mixture gradient of
isohexane and ethyl acetate as eluent. There was thus
obtained 4-{3-[
-(1-benzyloxycarbonylpiperidin-4-ylcarbonyl)-
-methylamino]phenyl
}-2-(3-hydroxyphenyl)-6-morpholinopyrimidine; Mass
Spectrum : M+H* 622; HPLC: method Al, Retention Time
2.57 minutes. A mixture of the oil so obtained and
trifluoroacetic acid (2 ml) was stirred at ambient
temperature for 16 hours. The mixture was evaporated
and the residue was purified by preparative reversed
phase chromatography using a Waters 'Xterra'
preparative reversed-phase column (5 microns silica,
19 mm diameter, 100 mm length) using decreasingly
polar mixtures of 0.1% aqueous ammonium hydroxide and
acetonitrile as eluent. There was thus obtained the
title compound as an oil (0.04 g); NMR Spectrum :
(DMSOd6) 1.61 (s, 4H), 2.22-2.43 (m, 4H), 2.88-3.0 (m,
2H), 3.25 (s, 3H), 3.72-3.9 (m, 8H), 4.61 (s, 2H),
5.25 (s, IH), 7.31 (s, IH), 7.41- 7.54 (m, 3H),
7.6-7.69 (m, IH), 8.22-8.3 (m, IH), 8.3-8.4 (m, 2H),
8.43 (s, IH); Mass Spectrum : MH-H+ 488; HPLC: method
Al, Retention Time 2.33 minutes. The
2-(3-hydroxymethylphenyl)-4-[3-(iV-methylamino)phenyl]
- 6-morpholinopyrimidine used as a starting material
was prepared as follows :- During a period of 15
minutes, nitrogen gas was passed through a mixture of
t rt-butyl
-[3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)pheny
l]carbamate (0.459 g), 4-chloro-
2-(3-hydroxymethylphenyl)-6-mQrpholinopyrimidine
(0.366 g), sodium carbonate (0.51 g),
tetrakis(triphenylphosphine)palladium(0) (0.07 g),
water (3 ml) and 1,4-dioxane (12 ml) that had been
placed in a glass tube. The glass tube was capped and
the mixture was heated to 13O0C using microwave
radiation for 15 minutes. The cooled reaction mixture
was filtered and the residue was rinsed with DMF. The
filtrates were mixed and concentrated to low volume.
Water (20 ml) was added to the residue. Trituration
produced a solid that was collected by filtration,
rinsed in turn with water, methanol and diethyl ether
and dried. There was thus obtained
4-[3-(iV-tert-butoxycarbonylamino)phenyl]-2-(3-hydroxy
methylphenyl)- 6-morpholinopyrimidine as a gum (0.165
g); Mass Spectrum : M+H 1 463; HPLC: method Al,
Retention Time 2.62 minutes. Under an atmosphere of
nitrogen, lithium aluminium hydride (IM solution in
THF; 2.16 ml) was added dropwise to a stirred mixture
of 4-[3-(iV- rt-butoxycarbonylamino)-
phenyl]-2-(3-hydroxymethylphenyl)-6-morpholinopyrimidi
ne (0.167 g) and THF (4 ml). The mixture thus obtained
was stirred and heated to reflux for two hours. The
reaction mixture was cooled in ice and quenched with a
saturated aqueous sodium sulphate solution. Ethyl
acetate was added to the mixture and the supernatant
organic solution was decanted. The aqueous layer was
rinsed twice with ethyl acetate by decantation. The
combined ethyl acetate solutionswere dried over
magnesium sulphate and evaporated. There was thus
obtained 2-(3-hydroxymethylphenyl)-4-[3-(
-methylamino)phenyl]-6-morpholinopyrimidine as a gum
(0.14 g); Mass Spectrum : M-I-H+ 377; HPLC : method
Al, Retention Time 2.21 minutes. Example 12
2-(3-hydroxymethylphenyl)-4-[4-(
N-methylcarbamoyl)phenyl]-6-morpholinopyriinidine A
mixture
4-chloro-2-(3-hydroxymethylphenyl)-6-morpholinopyrimid
ine (0.031 g), 4-(L/-methylcarbamoyl)phenylboronic
acid (0.02 g), caesium fluoride (0.038 g),
[l,r-bis(diphenylphosphino)ferrocene]dichloropalladium
( p) 1:1 complex with methylene chloride (1.6 mg), and
methanol (2 ml) was placed in a sealed glass tube
under an atmosphere of nitrogen and heated to 140C for
15 minutes. The reaction mixture was evaporated and
the residue was triturated under water. The resultant
solid was isolated and purified by HPLC using a Waters
'Xterra' preparative reversed-phase column (5 microns
silica, 19 mm diameter, 100 mm length) using
decreasingly polar mixtures of water [containing 1%
aqueous ammonium hydroxide (d=0.88)] and acetonitrile
as eluent. There was thus obtained the title compound
as a solid (8.6 mg); NMR Spectrum : (DMSOd 6) 2.83 (d,
3H), 3.74-3.88 (m, 8H), 4.62 (d, 2H), 5.26 (t, IH),
7.37 (s, IH), 7.44-7.48 (m, 2H), 7.99 (d, 2H),
8.34-8.4 (m, 3H), 8.44 (s, IH), 8.51-8.56 (m, IH);
Mass Spectrum : M-I-H+ 405. Example 13
4-(3-carbamoylphenyl)-2-(3-hydroxymethylphenyl)-6-morp
holinopyrimidine Using an analogous procedure to that
described in Example 12, 4-chloro-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine was
reacted with 3-carbamoylphenylboronic acid to give the
title compound in 23% yield; Mass Spectrum : M+H 391;
HPLC : method Al , Retention Time 2.53 minutes.
Example 14
4-[3-(N^V-dimethylcarbamoyl)phenyl]-2-(3-hydroxymethyl
phenyl)- 6-morpholinopyrimidine Using an analogous
procedure to that described in Example 12, 4-chloro-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine was
reacted with3-( , -dimethylcarbamoyl)phenylboronic
acid to give the title compound in 31% yield; Mass
Spectrum : M+H 419; HPLC: method Bl, Retention Time
1.55 minutes. Example 15
4-{3-[4-(aminomethyl)piperidin-l-ylcarbonyl]phenyl}-2-
(3-hydroxymethylphenyl)- 6-morpholinopyrimidine
Diisopropylethylamine (0.038 ml) was added to a
stirred mixture of
4-(3-carboxyphenyl)-2-(3-hydroxymethylphenyl)-6-morpho
linopyrimidine (0.039 g), O-benzotriazol-l-yl-
'^'-tetramethyluronium hexafluorophosphate (0.038 g)
and DMF (0.3 ml) and the reaction mixture was
sonicated at ambient temperature for 1 minute. A
solution of 4-(t r
-butoxycarbonylaminomethyl)piperidine (0.032 g) in DMF
(0.2 ml) was added and the resultant mixture was was
sonicated for 1 minute and allowed to stand at ambient
temperature for 16 hours. The reaction mixture was
evaporated and the residue was dissolved in a mixture
of trifluoroacetic acid (2 ml), methylene chloride (2
ml) and water (0.5 ml). The resultant solution was
stirred at ambient temperature for 30 minutes. The
mixture was evaporated. The residue was dissolved in
ethanol and the solution was evaporated. The residue
was dissolved in DMF (4.4 ml) and basified by the
addition of a few drops of aqueous ammonium hydroxide.
The mixture was filtered and the filtrate was purified
by HPLC using a Waters 'Xterra' preparative
reversed-phase column (5 microns silica, 19 mm
diameter, 100 mm length) using decreasingly polar
mixtures of water [containing 1% aqueous ammonium
hydroxide (d=0.88)] and acetonitrile as eluent. There
was thus obtained the title compound as a solid; NMR
Spectrum : (DMSOd6) 1.02-1.14 (m, 2H), 1.61-1.67 (m,
2H), 2.39-2.47 (m, 2H), 2.9-2.97 (m, 2H), 3.16-3.2 (m,
2H), 3.75-3.88 (m, 8H), 4.61 (s, 2H), 5.23-5.3 (m,
IH), 7.33 (s, IH), 7.45-7.48 (m, 2H), 7.63 (t, IH),
7.96 (d, IH), 8.35-8.45 (m, 3H), 8.57 (t, IH), 8.67
(s, IH); Mass Spectrum : M+H1 488; HPLC: method Al,
Retention Time 3.72 minutes. The
4-(3-carboxyphenyl)-2-(3-hydroxymethylphenyl)-6-morpho
linopyrimidine used as a starting material was
prepared as follows :- A solution of sodium carbonate
(0.848 g) in water (10 ml) was added to a mixture of
4-chloro-2-(3-hydroxymethylphenyl)-6-morpholinopyrimid
ine (0.612 g), 3-carboxyphenylboronic acid (0.332 g)
and 1,4-dioxane (25 ml). The mixture was purged with
nitrogen, stirred and heated to 5O0C.
Tetrakis(triphenylphosphine)palladium(0) (0.046 g)
wasadded and the stirred mixture was heated to reflux
under an atmosphere of nitrogen for 20 minutes. The
reaction mixture was cooled to ambient temperature.
The mixture was evaporated. Ethyl acetate was added to
the residue followed by water containing acetic acid.
The resultant suspension was isolated by filtration
and washed in turn with a 9:1 mixture of diethyl ether
and methanol and with diethyl ether. The solid so
obtained was dried. There was thus obtained
4-(3-carboxyphenyl)-2-(3-hydroxymethylphenyl)-6-morpho
linopyrimidine (0.483 g); NMR Spectrum : (DMSOd 6)
3.71-3.88 (m, 8H), 4.61 (d, 2H), 5.29 (s, IH), 7.34
(s, 



IH), 7.43-7.49 (m, 3H), 7.68 (t, IH), 8.09 (d, IH),
8.35 (d, IH), 8.42 (s, IH), 8.52 (d, IH), 8.81 (s,
IH); Mass Spectrum : M-I-H+ 392. Example 16 Using
analogous procedures to those described in Example 15,
4-(3-carboxyphenyl)-
2-(3-hydroxymethylphenyl)-6-morpholinopyrimidine was
reacted with the appropriate amine to give the
compounds described in Table IV. Unless otherwise
stated, additional primary or secondary amino groups
in the amine (other than amino groups that form part
of an amide group) were protected by a iV-
rt-butoxycarbonyl group which was removed by treatment
with trifluoroacetic acid as described within Example
15. If no such additional primary or secondary amino
group was present, the procedure of treatment with
trifluoroacetic acid that is described within Example
15 was omitted. Table IVLINKERS The invention relates
to polypeptides comprising at least two domains
capable of binding to a cytokine receptor, wherein the
domains are connected by a peptide linker molecule. A
group of growth factors, referred to as cytokines, are
involved in a number of diverse cellular functions.
These include, by example and not by way of
limitation, modulation of the immune system,
regulation of energy metabolism and control of growth
and development. Cytokines mediate their effects via
receptors expressed at the cell surface on target
cells. Cytokine receptors can be divided into three
separate sub groups. Type 1 (growth hormone (GH)
family) receptors are characterised by four conserved
cysteine residues in the amino terminal part of their
extracellular domain and the presence of a conserved
Trp-Ser-Xaa-Trp-Ser motif in the C-terminal part. The
repeated Cys motif are also present in Type 2
(interferon family) and Type III (tumour necrosis
factor family). It is known that many cytokine domains
interact with their cognate receptor via specific
sites. Some cytokine receptors have both high affinity
domain binding sites and low affinity binding sites.
For example, it is known that a single molecule of GH
associates with two receptor molecules (GHR)
(Cunningham et al, 1991; de Vos et al, 1992; Sundstrom
et al, 1996; Clackson et al, 1998). This occurs
through two unique receptor-binding sites on GH and a
common binding pocket on the extracellular domain of
two receptors. Site 1 on the GH molecule has a higher
affinity than site 2, and receptor dimerization is
thought to occur sequentially with one receptor
binding to site 1 on GH followed by recruitment of a
second receptor to site 2. The extracellular domain of
the GHR exists as two linked domains each of
approximately 100 amino acids. It is a conformational
change in these two domains that occurs on hormone
binding with the formation of the trimeric complex
GHR-GH-GHR. Internalisation of the GHR-GH-GHR complex
is followed by a recycling step whereby the receptor
molecule is regenerated for further use within the
cell.Cytokines and other domains often form
receptor-domain complexes upon binding. The receptors
involved in the complex formation may be homogenous or
heterogeneous. For example, erythropoetin and GH, form
a trimeric receptorhormone- receptor complex.
Interleukin-4 forms a trimeric
receptor-hormone-different receptor complex. Tumour
necrosis factor signals via the formation of homotypic
trimers of the cell transmembrane tumour necrosis
factor receptors; TNF-l/p55 or TNF-2/p75. Other
cytokines, for example leptin and GCSF, form
tetrameric receptorhormone- hormone-receptor
complexes, and others (e.g. interleukin 6) probably
form hexameric complexes consisting of two soluble
receptor molecules, two transmembrane receptor
molecules and two cytokine molecules. In each case
there is a primary high affinity binding site that
locates the cytokine to the receptor complex, and
additional sites that play secondary roles in altering
the conformation or recruiting other molecules and
thereby initiating signalling. The TNF super-family of
cytokines activate signalling pathways for cell
survival, death and differentiation that regulate the
development, organization and homeostasis of lymphoid,
mammary, neuronal and ectodermal tissues. TNF has a
demonstrated role in host defence, such roles include
for example, splenic cell differentiation, complete
IgG response and isotype switching, activation of
macrophages, generation of nitric oxide and reactive
oxygen radicals. However, TNF is also involved in
pathogenesis when over-expressed. Evidence for such an
involvement has be found in the following pathologies;
bacterial sepsis; graft-versus-host disease; cerebral
malaria; rheumatoid arthritis; alopecia
areata/generalis; asthma; cancer; Crohn's disease;
diabetes; obesity; psoriasis and psoriatic arthritis;
sarcoidosis; scleroderma and toxic shock syndrome.
These pathologies are recognised as established and/or
potential pathologies for applications of anti-TNF
agents. The over-expression of cytokines is the cause
of a range of human diseases, for example acromegaly;
gigantism; GH deficiency; Turners Syndrome; renal
failure; osteoporosis; osteoarthritis; diabetes
mellitus; cancer; obesity; insulin resistance;
hyperlipidaemia; hypertension; anaemia; autoimmune and
infectious disease; inflammatory disorders including
rheumatoid arthritis.An approach to inhibit the action
of cytokines, for example GH, prolactin or TNF, is the
administration of antagonists. One example of a GH
antagonist is Pegvisomant, which is a modified GH
molecule coated in polyethylene glycol (PEG).
Pegvisomant has several beneficial effects, including,
for example, decreased glomerular filtration rate due
to an increased effective molecular weight, thereby
reducing the dose required to produce the desired
effect, [see Abuchowski et al J Biol Chem., 252,
3578-3581, (1977)]. However, a consequence of
pegylation is a reduction in affinity of the modified
GH molecule for GHR. An example of a prolactin
antagonist is disclosed in WO03/057729 (which is
incorporated by reference in its entirety and more
specifically the nucleotide and protein sequences
encoding said prolactin antagonist). The prolactin
antagonist comprises a modification to the human
prolactin amino acid sequence that replaces a glycine
residue at position 129 with an arginine residue. The
modified prolactin protein acts as an inhibitor of
prolactin receptor activation. A number of therapeutic
strategies to inhibit TNF have been developed on the
basis of being able to i) inhibit TNF synthesis (e.g.
using inhibitory cytokines, IL-10; thalidomide,
corticosteroids, cyclosporin A; antisense
oligonucleotides); ii) inhibition of TNF processing
(e.g. metalloprotease (TACE) inhibitors); iii)
neutralisation of TNF (e.g. using soluble TNF
receptors or antibodies to TNF). We describe
polypeptides comprising multiple ligand binding
domains of cytokine receptors and their use in the
modulation of receptor mediated cytokine activation.
According to an aspect of the invention there is
provided a polypeptide comprising at least two
cytokine binding domains capable of binding to a
cytokine receptor, wherein the domains are linked by a
peptide linker molecule that comprises an inflexible
helical region. In a preferred embodiment of the
invention said polypeptide acts as an antagonist of
said cytokine receptor(s). Alternatively said
polypeptide acts as an agonist.Preferably, the
polypeptide comprises the domains in a tandem array.
In preferred embodiments of the invention the
polypeptide comprises 2, 3, 4, 5, 6, 7, 8, 9, or 10
domains in a tandem array. In a still further
preferred embodiment of the invention the polypeptide
comprises more than 10 domains in a tandem array.
Preferably, the inflexible helical region comprises at
least one copy of the motif A(EAAAK)xA, or a
functional variant thereof. Preferably the peptide
linker molecule comprises two copies of the motif
EAAAK, with the length of the peptide linker molecule
being extendible by the incremental addition of at
least one amino acid. A "functional variant" is a
linker molecule that may differ in amino acid sequence
by one or more substitutions, additions, deletions but
that retains substantially a helical or non-helical
conformation. Among preferred variants are those that
vary from a reference amino acid sequence by
conservative amino acid substitutions. Such
substitutions are those that substitute a given amino
acid by another amino acid of like characteristics.
The following non-limiting list of amino acids are
considered conservative replacements (similar): a)
alanine, serine, and threonine; b) glutamic acid and
asparatic acid; c) asparagine and glutamine d)
arginine, lysine and histidine; e) isoleucine,
leucine, methionine and valine and f) phenylalanine,
tyrosine and tryptophan. Most highly preferred are
amino acid substitutions that substantially maintain a
flexible or an inflexible helical linker region. hi a
further preferred embodiment of the invention the
linker molecule comprises at least one flexible
non-helical region. Whilst the provision of the
inflexible helical region maintains the spatial
separation of the domains, as described above, the
provision of a flexible non-helical region enables the
domains to orientate into the binding sites of the
cytokine receptor(s).In one embodiment of the
invention a flexible non-helical region is located at
or near the amino-terminal end of the peptide linker
molecule, thereby allowing the orientation of the
binding domain located at the amino-terminal end of
the peptide linker molecule in relation to its cognate
receptor. In a further embodiment of the invention the
flexible non-helical region is located at or near the
carboxyl-terminal end of the peptide linker molecule,
thereby allowing the orientation of the binding domain
located at the carboxyl-terminal end of the peptide
linker molecule in relation to its cognate receptor.
In a still further embodiment of the invention the
flexible non-helical region is located at or near the
amino and the carboxyl-terminal end of the peptide
linker molecule, thereby allowing the orientation of
the binding domains positioned at the amino and
carboxyl-terminal end respectively of the peptide
linker molecule in relation to their cognate receptors
. Preferably the flexible non-helical region is
located adjacent to at least one of the binding
domains. Even more preferably the flexible non-helical
region forms a junction between the binding domain and
the inflexible helical region. Even more preferably
the inflexible helical region comprises at least one
copy of the motif A(EAAAK)xA. The length of the
inflexible non-helical region is extendable by
increasing the number of repeats of this A(EAAAK)xA
motif. In a preferred embodiment of the invention, x
in the A(EAAAK)xA motif is less than 10 copies. Even
more preferably x is less than 5 copies. Even more
preferably still x is selected from 1, 2, 3, 4 or 5
copies. In a preferred embodiment of the invention
there are no flexible connections between the rigid
alpha helical linkers and the binding domains, but
said binding domains are directly linked by the
inflexible alpha helical linker. In a preferred
embodiment of the invention said binding domains are
linked by a linking molecule consisting of an
inflexible alpha helix.In a preferred embodiment of
the invention said helical linker molecule links the
carboxyl terminus of one binding domain with the amino
terminus of a second binding domain. In this
embodiment of the invention the helical linker is
continuous between the Cterminal helix of the first
cytokine molecule and the N-terminal helix of the
second cytokine molecule, thus rigidly linking the two
cytokine binding domains in a substantially fixed
orientation. For example, this may involve the
deletion of a short N-terminal and post-helical
C-terminal region from a first cytokine domain and the
short pre-helical N-terminal region from a second
cytokine (i.e. residues 182-190 from a first cytokine,
and residues 1-5 of a second cytokine as these are
short regions of random coil conformation after the
C-terminal helix (for example, helix 4 in Figure IB)
in the first cytokine and before the N terminal (helix
1' in Figure IB) of a second cytokine. 



In different constructs this fixed orientation (both
translational and rotational) can be altered either by
the insertion of 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10
additional amino acids, or by the deletion of 1, 2, 3,
4, 5, 6, 7, 8, 9 or 10 amino acids to produce
molecules with novel properties, for example
antagonistic properties. Addition of an extra amino
acid will produce an additional relative translation
of the two domains by approximately 1.5 A and a
relative rotation of the two domains around the helix
axis of about +100. Typically, linkers could start
with two EAAAK units and will be lengthened by
addition of A, AA, AAA, AAAA, EAAAA and EAAAK
sequences. In a further preferred embodiment of the
invention the binding domains of the polypeptide are
the same or similar to each other. In still further
embodiments of the invention the polypeptide comprises
binding domains of cytokines selected from the group
consisting of; growth hormone; leptin; erythropoietin;
prolactin; interleukins (IL) IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-9, IL- 10, IL-Il, the p35 subunit of
IL- 12, IL-13, IL-15; granulocyte colony stimulating
factor (G-CSF); granulocyte macrophage colony
stimulating factor (GM-CSF); ciliary neurotrophic
factor (CNTF); cardiotrophin (CT-I); leukocyte
inhibitory factor (LIF);oncostatin M (OSM);
interferon, IFNa and IFNg; rumour necrosis factor
(TNF)a, TNFb, and RANK ligand. In a further preferred
embodiment of the invention at least one of the
domains comprises a growth hormone binding domain. In
a further preferred embodiment of the invention said
polypeptide comprises at least two binding domains of
growth hormone, or a growth hormone variant. Modified
GH variants are disclosed in US 5, 849, 535, that is
incorporated by reference. The modification to GH is
at both site 1 and site 2 binding sites. The
modifications to site 1 produce a GH molecule that has
a higher affinity for GHR compared to wild-type GH.
These modified GH molecules act as agonists. There is
also disclosure of site 2 modifications that result in
the creation of GH antagonists. Further examples of
modifications to GH that alter the binding affinity of
GH for site 1 are disclosed in US 5,854,026; US
6,004,931; US 6,022,711; US 6,057,292; and US 6136563
each of which are incorporated by reference.
Modifications to site 2 are also described, in
particular amino acid residue G120 in GH which when
modified to either arginine, lysine, tryptophan,
tyrosine, phenylalanine, or glutamic acid creates a GH
molecule with antagonistic properties. In our
co-pending application WO03/070765, which is
incorporated by reference, we describe the fusion of a
GH variant with antagonistic activity with respect to
GH receptor activation. The GH variant is fused via a
flexible linker to the extracellular domain of the
growth hormone receptor. This chimeric polypeptide
shows delayed clearance and antagonistic activity. The
provision of a similar chimeric polypeptide but with
an inflexible or partially flexible linker is also
within the scope of the invention herein disclosed. In
an alternative preferred embodiment of the invention
said polypeptide comprises at least two binding
domains of prolactin, or a prolactin variant.In a
preferred embodiment of the invention said prolactin
variant polypeptide comprises an amino acid sequence
wherein said amino acid sequence is modified at
position 129 of human prolactin. In a preferred
embodiment of the invention said modification is an
amino acid substitution. Preferably said substitution
replaces a glycine amino acid residue with an arginine
amino acid residue. Preferably said modification
further comprises the deletion of at least 9, 10, 11,
12, 13 or 14 amino terminal amino acid residues. In an
alternative embodiment of the invention the binding
domains of the polypeptide are dissimilar to each
other. In a preferred embodiment of the invention said
polypeptide comprises a first binding domain that is a
growth hormone binding domain and a second binding
domain that is a prolactin binding domain. Preferably
said polypeptide consists of a growth hormone binding
domain and a prolactin binding domain. hi an
alternative preferred embodiment of the invention said
polypeptide comprises a first binding domain that is a
modified growth hormone binding domain and a second
binding domain that is a modified prolactin binding
domain. Preferably said polypeptide consists of a
modified growth hormone binding domain and a modified
prolactin binding domain. In a preferred embodiment of
the invention said modified growth hormone binding
domain comprises an amino acid substitution at amino
acid position glycine 120. Preferably, said
modification is a substitution of glycine 120 for an
amino acid selected from the group consisting of
arginine, lysine, tryptophan, tyrosine, phenylalanine,
or glutamic acid. In a preferred embodiment of the
invention said modification is the substitution of
glycine 120 with an arginine amino acid residue.In a
further preferred embodiment of the invention said
modified prolactin binding domain comprises a
modification of glycine 129. Preferably said
modification is the substitution of glycine 129 with
an arginine amino acid residue. Preferably said
modification further comprises the deletion of at
least 9, 10, 11, 12, 13 or 14 amino terminal amino
acid residues. In a further preferred embodiment of
the invention said polypeptide further comprises a
ligand binding domain of a cytokine receptor.
Preferably said receptor is a growth hormone receptor.
In an alternative preferred embodiment of the
invention said receptor is a prolactin receptor. In a
preferred embodiment of the invention said ligand
binding domain may be linked to said cytokine binding
domain by a linker comprising or consisting of an
inflexible helical region. According to a further
aspect of the invention there is provided a nucleic
acid molecule that encodes a polypeptide according to
the invention. In a preferred embodiment of the
invention said nucleic acid molecule is a vector
adapted for expression of said polypeptide. Typically,
the adaptation includes the provision of transcription
control sequences (promoter sequences) that mediate
cell/tissue specific expression. These promoter
sequences may be cell/tissue specific, inducible or
constitutive. Promoter is an art recognised term and,
for the sake of clarity, includes the following
features which are provided by example only. Enhancer
elements are cis acting nucleic acid sequences often
found 5' to the transcription initiation site of a
gene (enhancers can also be found 3' to a gene
sequence or even located in intronic sequences and are
therefore position independent). Enhancers function to
increase the rate of transcription of the gene to
which the enhancer is linked. Enhancer activity is
responsive to trans acting transcription factors
(polypeptides) that have been shown to bind
specifically to enhancer elements. The
binding/activity of transcription factors (please see
Eukaryotic Transcription Factors, by David S
Latchman,Academic Press Ltd, San Diego) is responsive
to a number of environmental cues that include, by
example, intermediary metabolites (e.g. glucose),
environmental effectors (e.g. heat). Promoter elements
also include so called TATA box and RNA polymerase
initiation selection (RIS) sequences that function to
select a site of transcription initiation. These
sequences also bind polypeptides that function, inter
alia, to facilitate transcription initiation selection
by RNA polymerase. Adaptations also include the
provision of selectable markers and autonomous
replication sequences which both facilitate the
maintenance of the vector in the eukaryotic or
prokaryotic cell. Vectors that are maintained
autonomously are referred to as episomal vectors.
Adaptations which facilitate the expression of vector
encoded genes include the provision of transcription
termination/polyadenylation sequences. This also
includes the provision of internal ribosome entry
sites (IRES) that function to maximise expression of
vector encoded genes arranged in bicistronic or
multi-cistronic expression cassettes. These
adaptations are well known in the art. There is a
significant amount of published literature with
respect to expression vector construction and
recombinant DNA techniques in general. Please see,
Sambrook et al (1989) Molecular Cloning: A Laboratory
Manual, Cold Spring Harbour Laboratory, Cold Spring
Harbour, NY and references therein; Marston, F (1987)
DNA Cloning Techniques: A Practical Approach VoI III
IRL Press, Oxford UK; DNA Cloning: F M Ausubel et al,
Current Protocols in Molecular Biology, John Wiley &
Sons, Inc.(1994). It will be apparent to one skilled
in the art that the vectors according to the invention
could be gene therapy vectors. Gene therapy vectors
are typically viral based. A number of viruses are
commonly used as vectors for the delivery of exogenous
genes. Commonly employed vectors include recombinantly
modified enveloped or non-enveloped DNA and RNA
viruses, preferably selected from baculoviridiae,
parvoviridiae, picornoviridiae, herpesveridiae,
poxviridae, adenoviridiae, or picornnaviridiae.
Chimeric vectors may also be employed which exploit
advantageous elements of each of the parent vector
properties (See e.g., Feng,et al.(1997) Nature
Biotechnology 15:866-870). Such viral vectors may be
wild-type or may be modified by recombinant DNA
techniques to be replication deficient, conditionally
replicating or replication competent. Preferred
vectors are derived from the adenoviral,
adeno-associated viral and retroviral genomes. In the
most preferred practice of the invention, the vectors
are derived from the human adenovirus genome.
Particularly preferred vectors are derived from the
human adenovirus serotypes 2 or 5. The replicative
capacity of such vectors may be attenuated (to the
point of being considered "replication deficient") by
modifications or deletions in the EIa and/or EIb
coding regions. Other modifications to the viral
genome to achieve particular expression
characteristics or permit repeat administration or
lower immune response are preferred. Alternatively,
the viral vectors may be conditionally replicating or
replication competent. Conditionally replicating viral
vectors are used to achieve selective expression in
particular cell types while avoiding untoward broad
spectrum infection. Examples of conditionally
replicating vectors are described in Pennisi, E.
(1996) Science 274:342-343; Russell, and SJ. (1994)
Eur. J . of Cancer 30A(8):l 165-1 171. Additional
examples of selectively replicating vectors include
those vectors wherein an gene essential for
replication of the virus is under control of a
promoter which is active only in a particular cell
type or cell state such that in the absence of
expression of such gene, the virus will not replicate.
Examples of such vectors are described in Henderson,
et al., United States Patent No. 5,698,443 issued
December 16, 1997 and Henderson, et al., United States
Patent No. 5,871,726 issued February 16, 1999 the
entire teachings of which are herein incorporated by
reference. Additionally, the viral genome may be
modified to include inducible promoters that achieve
replication or expression only under certain
conditions. Examples of inducible promoters are known
in the scientific literature (See, e.g. Yoshida and
Hamada (1997) Biochem. Biophys. Res. Comm.
230:426-430; Iida, et al. (1996) J . Virol.
70(9):6054-6059; Hwang, et al.(1997) J . Virol
71(9):7128-7131; Lee, et al. (1997) MoI. Cell. Biol.
17(9):5097-5105; and Dreher, et al.(1997) J. Biol.
Chem 272(46); 29364-29371.Vectors may also be
non-viral and are available from a number of
commercial sources readily available to the person
skilled in the art. For example, the vectors may be
plasmids that can be episomal or integrating.
According to a further aspect of the invention there
is provided a cell transformed or transfected with the
nucleic acid or vector according to the invention. In
a preferred embodiment of the invention said cell is a
eukaryotic cell. Preferably said eukaryotic cell is
selected from the group consisting of: a fungal cell
e.g. Saccharomyces cerevisiae, Pichia spp; slime mold
(e.g. Dictyostelium spp); insect cell (e.g. Spodoptera
frugiperda); a plant cell; or a mammalian cell (e.g.
CHO cell). In an alternative preferred embodiment of
the invention said cell is a prokaryotic cell. In a
further aspect of the invention there is provided a
method to prepare a polypeptide according to the
invention said method comprising the steps of; i)
growing a cell according to the invention in
conditions conducive to 



the production of a polypeptide according to the
invention; and ii) isolating the polypeptide from the
cell, or its growth environment. In a preferred method
of the invention said polypeptide is provided with an
affinity tag. Affinity tags are known in the art and
include, maltose binding protein, glutathione S
transferase, calmodulin binding protein and the
engineering of polyhistidine tracks into proteins that
are then purified by affinity purification on nickel
containing matrices. In many cases commercially
available vectors and/or kits can be used to fuse a
protein of interest to a suitable affinity tag that is
subsequently transfected into a host cell for
expression and subsequent extraction and purification
on an affinity matrix.In our co-pending application,
WO 03/034275, the content of which is incorporated by
reference, we describe a novel affinity tag for
polypeptides that utilises a domain that includes a
signal sequence that directs the addition of
glycosylphosphatidylinositol to the polypeptide.
Polypeptides that include a
glycosylphosphatidylinositol tag preferentially insert
into lipid membranes and can have antagonistic effects
on cytokine receptor activation. Therefore, the
invention herein disclosed encompasses polypeptides
with an attached glycosylphosphatidylinositol
molecule. According to a further aspect of the
invention there is provided a polypeptide comprising a
first cytokine binding domain linked to a second
cytokine binding domain wherein said polypeptide
further comprises an extracellular domain of a
cytokine receptor. In a preferred embodiment of the
invention said first and second binding domains are
linked by a flexible linker molecule. hi an
alternative preferred embodiment of the invention said
first and second binding domains are linked by a
peptide linker molecule that comprises an inflexible
helical region. In a preferred embodiment of the
invention said first and second binding domains are
linked by a peptide linker molecule comprising an
inflexible helical region and a flexible, non-helical
region. Peptide linkers that comprise inflexible
helical regions and combinations of inflexible helical
regions and flexible, non-helical regions have been
described previously above and are applicable to this
embodiment of the invention as are the previously
specified cytokines and cytokine receptors. In a
preferred embodiment of the invention the
extracellular domain of the cytokine receptor is
linked to the first or second cytokine binding domains
via a linker molecule. Preferably said linker molecule
comprises an inflexible helical region.In an
alternative preferred embodiment of the invention said
linker molecule is flexible. Preferably said linker
molecule comprises an inflexible helical region and a
flexible, non-helical region. In a preferred
embodiment of the invention said cytokine binding
domain is growth hormone, or a growth hormone variant
thereof, and said extracellular domain is a growth
hormone extracellular domain. Preferably said domains
are human. The polypeptide of the invention may
demonstrate dual functionality. Firstly, the first and
second domains comprising cytokines, or parts thereof,
which are preferably linked by a peptide linker
molecule comprising an inflexible helical region, are
capable of binding to cell surface cytokine receptors
and sterically hinder the association of these
receptors into receptor complexes, thus preventing
downstream cell signalling. Secondly, the provision of
a third domain comprising cytokine receptors, or parts
thereof, are capable of functioning as a soluble
receptor, thus ligating any cytokine, prior to its
binding to the cell surface receptor. This third
domain is preferably linked to the first or second
domain by a peptide linker molecule comprising an
inflexible helical region. In an alternative
embodiment of the invention the third domain is
preferably linked to the first or second domain by a
peptide linker molecule comprising a flexible
non-helical region. In a preferred embodiment of the
invention said peptide linker molecules further
comprise an amino acid sequence that is sensitive to
proteolytic cleavage. According to a further aspect of
the invention there is provided the use a polypeptide
or nucleic acid molecule according to the invention as
a pharmaceutical. Preferably there is provided a
pharmaceutical composition comprising the polypeptide
or nucleic acid molecule according to the invention.
Preferably said pharmaceutical composition comprises a
carrier, excipient, and/or diluent.When administered,
the therapeutic compositions of the present invention
are administered in pharmaceutically acceptable
preparations. The term "pharmaceutically acceptable"
means a non-toxic material that does not interfere
with the effectiveness of the biological activity of
the active ingredients. Such preparations may
routinely contain salts, buffering agents, compatible
carriers, preservatives and optionally other
therapeutic agents. When used in medicine, the salts
should be pharmaceutically acceptable, but
nonpharmaceutically acceptable salts may conveniently
be used to prepare pharmaceutically-acceptable salts
thereof and are not excluded from the scope of the
invention. Such pharmacologically and
pharmaceutically-acceptable salts include, but are not
limited to, those prepared from the following acids:
hydrochloric, hydrobromic, sulfuric, nitric,
phosphoric, maleic, acetic, salicylic, citric, formic,
malonic, succinic, and the like. Also,
pharmaceutically-acceptable salts can be prepared as
alkaline metal or alkaline earth salts, such as
sodium, potassium or calcium salts. The pharmaceutical
compositions may contain suitable buffering agents,
including: acetic acid in a salt; citric acid in a
salt; boric acid in a salt; and phosphoric acid in a
salt. The compositions may be combined, if desired,
with a pharmaceutically-acceptable carrier. The term
"pharmaceutically-acceptable carrier" as used herein
means one or more compatible solid or liquid fillers,
diluents or encapsulating substances that are suitable
for administration into a human. The term "carrier"
denotes an organic or inorganic ingredient, natural or
synthetic, with which the active ingredient is
combined to facilitate the application. The components
of the pharmaceutical compositions also are capable of
being co-mingled with the molecules of the present
invention, and with each other, in a manner such that
there is no interaction that would substantially
impair the desired pharmaceutical efficacy. The
pharmaceutical compositions may conveniently be
presented in unit dosage form and may be prepared by
any of the methods well-known in the art of pharmacy.
All methods include the step of bringing the active
agent into association with a carrierthat constitutes
one or more accessory ingredients. In general, the
compositions are prepared by uniformly and intimately
bringing the active compound into association with a
liquid carrier, a finely divided solid carrier, or
both, and then, if necessary, shaping the product. The
pharmaceutical compositions also may contain,
optionally, suitable preservatives, such as:
benzalkonium chloride; chlorobutanol; parabens and
thimerosal. The pharmaceutical compositions of the
invention can be administered by any conventional
route, including injection or by gradual infusion over
time. The administration may, for example, be oral,
intravenous, intraperitoneal, intramuscular,
intracavity, subcutaneous, or transdermal.
Compositions suitable for oral administration may be
presented as discrete units, such as capsules,
tablets, lozenges, each containing a predetermined
amount of the active compound. Other compositions
include suspensions in aqueous liquids or non aqueous
liquids such as a syrup, elixir or an emulsion. The
compositions of the invention are administered in
effective amounts. An "effective amount" is that
amount of a composition that alone, or together with
further doses, produces the desired response. In the
case of treating a particular disease, such as cancer,
the desired response is inhibiting the progression of
the disease. This may involve only slowing the
progression of the disease temporarily, although more
preferably, it involves halting the progression of the
disease permanently. This can be monitored by routine
methods. Such amounts will depend, of course, on the
particular condition being treated, the severity of
the condition, the individual patient parameters
including age, physical condition, size and weight,
the duration of the treatment, the nature of
concurrent therapy (if any), the specific route of
administration and like factors within the knowledge
and expertise of the health practitioner. These
factors are well known to those of ordinary skill in
the art and can be addressed with no more than routine
experimentation. It is generally preferred that a
maximum dose of the individual components or
combinations thereof be used, that is, the highest
safe dose accordingto sound medical judgment. It will
be understood by those of ordinary skill in the art,
however, that a patient may insist upon a lower dose
or tolerable dose for medical reasons, psychological
reasons or for virtually any other reasons. In a
further aspect of the invention there is provided the
use of a polypeptide or nucleic acid molecule
according to the invention for the manufacture of a
medicament for the treatment of a disease selected
from the group consisting of; acromegaly; gigantism;
GH deficiency; Turners Syndrome; renal failure;
osteoporosis; osteoarthritis; diabetes mellitus;
cancer (for example, prostate cancer, a cervical
cancer, a breast cancer, melanoma, hepatoma, renal
cancer, glioma, bladder cancer, lung cancer, neural
cancer, ovarian cancer, testicular cancer, pancreatic
cancer, gastrointestinal cancer, lymphoma); obesity;
insulin resistance; hyperlipidaemia; hypertension;
anaemia; autoimmune and infectious disease;
inflammatory disorders including rheumatoid arthritis.
The invention also provides for a method of treating a
human or animal subject comprising administering an
effective amount of the polypeptide, nucleic acid
molecule, pharmaceutical composition or medicament to
the subject. Throughout the description and claims of
this specification, the words "comprise" and "contain"
and variations of the words, for example "comprising"
and "comprises", means "including but not limited to",
and is not intended to (and does not) exclude other
moieties, additives, components, integers or steps.
Throughout the description and claims of this
specification, the singular encompasses the plural
unless the context otherwise requires. In particular,
where the indefinite article is used, the
specification is to be understood as contemplating
plurality as well as singularity, unless the context
requires otherwise. Features, integers,
characteristics, compounds, chemical moieties or
groups described in conjunction with a particular
aspect, embodiment or example of the invention are to
be understood to be applicable to any other aspect,
embodiment or example described herein unless
incompatible therewith.Embodiments of the invention
will now be described by way of example only and with
reference to the following figures wherein; Figure IA
The cytokine domains (ovals) are connected by an alpha
helix (shaded rectangle). Flexible linkers (curved
arrows) connect the first cytokine domain to the helix
and the helix to the second cytokine domain; Figure
IB. The cytokine domains are connected by an alpha
helix. Flexible linkers connect the first cytokine
domain to the helical linker and the helical linker to
the second cytokine domain; Figure 2. The helical
linker has no flexible connectors - instead it
continues the Cterminal helix (4) of cytokine 1 and
joins it to the N-terminal helix (T) of cytokine 2 to
form a rigid tandem linked by a single long helix
4-linker helix- 1'. The relative orientation of the
two cytokine domains is therefore fixed. However by
making different constructs by adding or removing
amino acids from the linker it is possible to generate
a series of rigid tandems in which the domains are
differently oriented; 



Figure 3 illustrates the map and nucleotide/amino acid
sequence for construct clClb; Figure 4 illustrates an
overview of the linker design and primers used to
generate tandems with helical linkers with flexible
ends; Figure 5 illustrates, A) Design of the boundary
regions between the GH domains and the linker to allow
ligation of primer duplexes to produce uninterrupted
helical linkers between the domains. B) The primers
used to modify clClb to generate clC5; Figure 6
illustrates a map of construct clC5 and the sequence
of the linker region; Figure 7 illustrates an overview
of the linker design and primers used to generate
tandems with rigid helical linkers;Figure 8
illustrates a schematic diagram showing the strategy
for the construction of XlLl; Figure 9 illustrates the
nucleotide sequence of clLl. The GH domains are shown
in grey, the GHR domain in bold and the linkers
underlined; Figure 10 illustrates the amino acid
sequence of cILL The GH domains are shown in grey, the
GHR domain in bold and the linkers underlined; Figure
11 illustrates a schematic diagram showing the cloning
strategy for the construction of c1L1; Figure 12
illustrates the expression of cILl; Figure 13
illustrates a preliminary purification of clLl-His
cILl -His was purified using a Co2+-column; Figure 14
illustrates that clLl shows agonistic activity; Figure
15 summarises the nomenclature used with respect to
rigid or semi-rigid GH constructs; Figure 16 a) is the
nucleic acid sequence of a GH tandem comprising a
semi-rigid linker sequence; b) is the amino acid
sequence of a GH tandem comprising a semirigid linker
sequence; c) illustrates examples of semi-rigid
linkers used in the construction of GH tandems; d)
illustrates bacterial expression of GH tandems
comprising semi-rigid linkers; and e) illustrates the
bioactivity of GH tandems comprising semi-rigid
linkers; and Figure 17 a) is the nucleic acid sequence
of a GH tandem comprising a rigid linker sequence; b)
is the amino acid sequence of a GH tandem comprising a
rigid linker sequence; c) illustrates examples of
rigid linkers used in the construction of GHtandems;
d) illustrates bacterial expression of GH tandems
comprising rigid linkers; and e) illustrates the
bioactivity of GH tandems comprising rigid linkers.
Figure 18A illustrates the purification of
TlcEAK2+3his and analysis by coomassie staining and
western blot; Figure 18B and 18C illustrates the
bioactivity of TlcEAK2+3his; Figure 18D illustrates
the purification of TlcEAK2+4his and analysis by
coomassie staining and western blot; and Figure 18E
and 18F illustrates the bioactivity of TlcEAK2+4his;
Figure 19 illustrates an ELISA for detection of growth
hormone tandems; Figure 20 is a schematic illustration
of growth hormone tandems linked by flexible,
semi-rigid and rigid linkers; Figure 2 1 illustrates
examples of possible combinations of prolactin (PRL),
growth hormone (GH) and their antagonistic mutants;
Figure 22 illustrates the nucleotide and amino acid
sequences of prolactin and one of its antagonistic
forms, the 1-14 amino acid truncated G129R mutant
(underlined); Figure 23 illustrates the nucleotide and
amino acid sequences of growth hormone and its
antagonistic form, the G120R mutant (underlined);
Figure 24 is a schematic illustration of a prolactin
tandem; and Figure 25 (A) a schematic of the GH
rigid-tandem constructs with the engineered
restriction sites, Noil and Nrul, which allow
connection of the linker directly to the terminal
helices of the neighbouring domains and also
facilitates the variation of linker. (B) a schematic
of the PRL-linker-GH rigid construct with the
engineered restriction sites, Notl and Nrul, which
have similar functions as in (A), the Notl site is iri
the linker regions and so can just be appended to the
truncated PRL gene in domain A. (C) a schematic
diagram of the PRL rigid-tandem, a unique restriction
site needs to be engineered, using the degenerate
amino acid code, at the boundary between thelinker and
the PRL in domain B to enable easy synthesis and
modification of the tandem gene. Materials and Methods
The modification of the linker in the GH tandem was
initiated from the gene for the GH-(G4S)-GH molecule
(clCl) which had been modified to remove a 30 amino
acid overhang from the N-terminus of the expressed
protein, the gene was also subcloned into a modified
pET21(+) vector, to give pET21 :clClb (Figure 3). For
the constructs with the helical linkers with flexible
ends linker was constructed by ligating together
complementary oligonucleotides; these oligonucleotides
were designed to encode the desired linker and to have
ends which would ligate into the vector, pET21:clClb,
which had been digested with Noil and EcoBJ. An
overview of these linkers is shown in Figure 4. For
the rigid linker between the GH domains, the GH
domains had to be modified to truncate their
C-terminus (GHl) and N-terminus (GH2) so that the
domains ended at the end of the helices. Restriction
sites were then designed, utilising degenerate codon
usage, which would enable the new linkers to be
introduced without any interruption to the helix that
would be formed between the two domains (Figure 5A).
Primers were designed to carry out these modifications
to the GH domains of the GH-tandem (Figure 5b). The
resultant construct was designated clC5 (Figure 6).
Complementary oligonucleotides were used to generate
the linker region flanked by a Noil and Nrul sites,
these were then ligated into pET21 :clC5 which had
been digested with Noil and Nrul. An overview of these
linkers is shown in Figure 7. Expression of the
constructs will be carried out by first transforming
the pET expression vector into the expression strain,
E. coli BL21(DE3) CodonPlus RIPL. Expression maybe
carried under a number of different conditions which
include different incubation temperatures (e.g. room
temperature, 37 0C), different media (e.g. LB, 2YT,
5YT, etc.), different induction points (i.e. OD6Q0 at
which the culture isinduced), different concentrations
of EPTG (or other inducer) used to induce the culture,
and the time at which the cells are harvested
post-induction. A His-tag can be added to the
C-terminus of the construct which would facilitate its
purification using immobilised metal-ion affinity
chromatography (with Ni2+ or Co2+ columns). Constructs
which do not have a His-tag maybe purified using a
variety of means such as ion-exchange chromatography,
hydrophobic columns and sizeexclusion chromatography.
One or more of these purification techniques maybe
required to produce protein of a suitable purity.
Construction of yl C5 Modified GH domains were
generated using PCR and the relevant primers. GHl was
modified using DiGHNcoGF and GH[AEA3]NotR and GH2
modified with Ecol- (Nm)GH-F and GHD*-HR. The PCR
reactions consisted off; 1ml lOOpmol/ml forward
primer, l ml lOOpmol/ml reverse primer, l ml
pTrcHisGHstop (dilute), l ml 1OmM dNTPs, 5ml 1Ox
amplification buffer, l ml 5OmM MgSO4, 0.5ml Pfx
polymerase, 39.5ml sterile water. PCR was performed on
these reaction mixes using the following thermal
profile; 95 C for 5min; 15 x (95 0C for 45sec, 55 C
for 45sec, 72 0C for 45sec); 72 C for 5min. The PCR
products were verified using an agarose gel and the
desired PCR product purified. Modified GHl was ligated
into pET21 :clClb between the Ncol and Notl sites to
give pET21:clC4. Modified GH2 was ligated into
pET21:clC4 between the EcoRI and HindIII sites to give
pET21: clC5. An overview of this process is shown in
Figure 8. Linker Variation Phosphorylation of Primers
When 2 or more primer duplexes were required to
generate the linker, the primers containing the
internal 5'-end were first phosphorylated. The
following reaction mix was made for each primer to be
phosphorylated: 2ml lOOpmol/ml oligonucleotides, 2ml
1Ox Kinase Buffer, 2ml 1OmM ATP, 13ml sterile water, l
ml T4 polynucleotide kinase(lOU/ml). These were
incubated for 30min at 37 0C and then at 70 C for
lOmin. The samples were then diluted 1:10 using
Annealing Buffer (1OmM TRIS, 5OmM NaCl, ImM EDTA, pH
7.5-8.0) to obtain a solution of O.lpmol/ ml. These
could then be used in the annealing reaction, below.
Annealing of the Primer Duplexes The primers were
diluted to O.lpmol/ ml using Annealing Buffer (1OmM
TRIS, 5OmM NaCl, ImM EDTA, pH 7.5-8.0). l Oml of
complementary primers were mixed in a fresh tube. The
tube was then incubated at 95 0C for 2min and the
temperature allowed to drop to 30 C over a period of
40-60min. In the cases where more than one primer
duplex was required equal volumes of the primer
duplexes were mixed to provide a solution containing
all the primer duplexes needed to form the desired
linker. The solutions were then kept on ice. Ligation
and Transformation Approximately 200ng of vector
digested with the relevant restriction enzymes (e.g.
pET21: clClb digested with Notl and EcoRI or pET21:
clC5 digested with Notl and Nrul) was incubated with
4ml of the annealed primers, l ml ligase buffer, 2ml
T4 DNA Ligase and the reaction made up to l Oml with
sterile water. These were incubated overnight in a
beaker of ice, which was allowed to thaw over this
time. 5ml of the overnight ligation was then added to
50ml of chemically competent E. coli SURE cells. This
was incubated on ice for 1 hour, then heat shocked at
42 0C for 30sec. 450ml LB media was added to the cells
and then the sample incubated for 30min at 37 0C. The
mini-culture was then centrifuged for 5min at 4000rpm,
the resulting pellet was re-suspended in 50ml LB
media, and then plated onto LB plates containing
carbenicillin (lOOmg/ml), tetracycline^ Omg/ml) and
glucose (0.3% w/v). This was incubated overnight at 37
C. The resulting colonies were then screened to check
if the linker variation was successful. Modifications
to the General Strategy The generation of constructs
with rigid linkers using the restriction enzymes Notl
and Nrul to digest pET21: clC5 generated a large
number of colonies on the negativecontrol plates (no
primer duplex in the ligation reaction) after
transformation, hence it was difficult to screen for
positive clones. This was rectified by
dephosphorylating the digested vector; 15ml of
pET21:clC5 digested with Notl and Nrul was mixed with
2ml CIAP 1Ox buffer, l ml CIAP (Calf Intestinal
Alkaline Phosphatase) (lOU/ml) and 2ml sterile water.
This was incubated at 37 C for 1 hour and then at 80 C
for 30min. The DNA was then cleaned from solution
using a purification kit (e.g. Qiagen PCR Purification
Kit). AU the primers used to make the primer duplexes
were phosphorylated using the method described above.
The phosphorylated primer duplexes were then ligated
into the dephosphorylated vector as described above.
Cloning and Expression of yILl clLl consists of two
domains of growth hormone GH followed by a single
extracellular growth hormone domain, each of these
domains are currently linked with a (Gly4Ser)4 linker
(figure 8). The nucleotide sequence of clLl is shown
in figure 9 and the amino acid sequence is given in
figure 10. clLl was constructed by ligating the hGH
gene flanked by Nhel and Xhl sites into clE2
(GHRa-GH-GHRb); this gave clKl. The GHR domain was
then ligated into clKl between EcoKL and HmdIII sites
to give clLl. A schematic diagram of this procedure is
shown in figure 11. The clLl gene was checked by
sequencing and was shown to be correct. Expression was
carried out using a modified pET21(+) vector in E.
coli BL21(DE3) CodonPlus RIPL cells. Protein expressed
in LB media 4 hours after induction with ImM IPTG
(final concentration) at an OD600 of 0.5-0.6, was
partially soluble and multiple Mw bands were observed
in the western blot probed against GH (figure 12). A
C-terminal His-tagged version of clLl was purified
using a Co2+ column (figure 



13). A number of contaminating proteins remained in
the protein prep and the multiple Mw bands were still
observed in the western blot. Preliminary bioassays of
this protein preparation showed that it had
significant agonistic activity (figure
14).Construction of Prolactin Tandems and Prolactin:
Growth Hormone Tandems Constructs of PRL and GH
tandems are generated using standard PCR techniques
followed by ligation and transformation of the
prepared vector. The linker can be varied by ligating
and transforming annealed oligonucleotides pairs into
prepared vectors. Three example strategies are shown
below for the construct of PRL and GH tandem. Strategy
1 Generation of PRL-(G 4S)4-PRL 1. PCR PRL between
Ncol and Notl sites (forward primer =
atatccatgggcTTGCCCATCTGTCC; reverse primer =
atatatatatatgggc ggccgccGCAGTTGTTGTTGTGG) . 2. Digest
PCR product with Ncol and Notl. ' 3. Digest recipient
vector with Ncol and Notl -> pET21(m) clClb (i.e. GH-
(G4S)4-GH). 4. Ligate PCR product into vector; to give
pET2 1(m)PRL-(G 4S)4-GH 5. PCR PRL between EcoRI and
HindIIII sites (forward primer =
atatgaattcTTGCCCATCTGTCC; reverse primer =
atataagcttGCAGTTGTTGTTGTGG). 6. Digest PCR product
with EcoRI and HindIIL 7. Digest recipient vector with
EcoRI and HindIII - pET2 1(m)PRL-(G 4S)4-GH. 8. Ligate
PCR product into vector; to give pET2 1(m)PRL-(G
4S)4-PRL. Strategy 2 Generation OfPRL-A(EA 3K)2A -GH 1
PCR PRL between Ncol and Notl sites (forward primer =
atatccatgg gcTTGCCCATCTGTCC; reverse primer =
atatatatatatgggcggccgccGC AGTTGTTGTTGTGG) . 2 Digest
PCR product with Ncol and Notl. 3 Digest recipient
vector with Ncol and Notl - pET21(m)TlaEAK2 (i.e. GHA(
EA3K)2A -GH). 4 Ligate PCR product into vector; to
give PRL-A(EA 3K)2A -GH. Strategy 3 Generation
OfPRL-A(EA 3K)4A -PRL 1. Anneal the primers for the
generation of the A(EA 3K)4A linker. 2. Digest
recipient vector with Notl and EcoRI - pET21(m) PRL-(G
4S)4-PRL (from example 1 above) 3. Ligate
oligonucleotide dimer into vector; to give PRL-A(EA
3K)4A -PRL The above strategy is illustrated in Figure
24.EXAMPLE 1 Semi-Rigid Tandems E. coli BL21 (DE3)
CodonPlus-RIPL cells were grown in 10ml LB media
supplemented with carbenicillin, tetracycline and
choramphenicol. The cells were grown shaking at 37 C.
The cultures were induced at an OD600 of 0.4-0.7 using
PTG to a final concentration of ImM. The cultures were
grown for a further 4hrs before harvesting. The cells
were lysed using a combination of lysozyme, sodium
deoxychloate and sonication. The soluble fraction was
then isolated by centrifugation. A coomassie stained
PAGE gels showed no obvious bands for tandem
expression. The soluble fraction was determined by
ELISA, and 40ng/well of tandem was loaded onto a 12%
PAGE gel. The protein was transferred to PVDF membrane
and the western blotted using rabbit anti-GH Ab
(primary) and anti-rabbit-HRP Ab (secondary); see
Figure 16d. The bioactivity of a GH tandem comprising
a semi-rigid linker is shown in Figure 16e. EXAMPLE 2
Rigid Tandems E. coli BL21(DE3)CodonPlus-RIPL cells
were grown in 10ml LB media supplemented with
carbenicillin, tetracycline and choramphenicol. The
cells were grown shaking at 37 0C. The cultures were
induced at an OD600 of 0.4-0.7 using PTG to a final
concentration of ImM. The cultures were grown for a
further 4hrs before harvesting. The cells were lysed
using a combination of lysozyme, sodium deoxychloate
and sonication. The soluble fraction was then isolated
by centrifugation. A coomassie stained PAGE gels
showed no obvious bands for tandem expressionThe
soluble fraction was determined by ELISA, and
40ng/well of tandem was loaded onto a 12% PAGE gel.
The protein was transferred to PVDF membrane and the
western blotted using rabbit anti-GH Ab (primary) and
anti-rabbit-HRP Ab (secondary); see Figure 17d. The
bioactivity of a Gh tandem comprising a semi-rigid
linker is shown in Figure 17e. EXAMPLE 3 Purification
of Tandems Constructs TlcEAK2+3His and TlcEAK2+4His
were short-listed for further study based on their
initial supra-maximal activities in the bioassay. The
expression plasmid was transformed into E. coli
BL21(DE3) Codonplus RJPL cells and expression was
carried out in IL batch cultures. Purification was
performed on the soluble protein fraction using a
combination of Ni-chelate immobilised metal-ion
affinity chromatography (IMAC) and ion-exchange
chromatography. IMAC was the first purification step,
initially elution was achieved using a pH gradient (pH
8 to pH 3); however it was found that a lot of protein
was being lost in the column washes. Therefore we
returned to using an imidazole elution (0 to 0.5M
imidazole), with modifications in the purification
strategy we achieved >70% purity. An ion-exchange
column (Resource Q) was then used to further purify
the protein to >90% purity. This is illustrated in
Figure 18. Quantification based on ELISA results:
TlcEAK2+3His (RQ13/4) = 215mg/ml; TlcEAK2+3His
(RQ14/4) 177mg/ml ImI of each obtained hence the total
yield was 392mg. This was obtained from 2 litres of
culture - yield per litre = ~200 mg The activity of
TlcEAK2+3-His reaches a higher fold induction than
rhGH at the higher protein concentrations. A similar
result is obtained when the tandem is tested on a
molar basis, see Figure 18B and Figure 18C. A similar
analysis was conductedwith respect to TlcEAK2+4His.
The purification and bioactivity is illustrated in
Figure 18D, 18E and l8F. Quantification based on ELISA
results of TlcEAK2+4His (RQ13/4) = 550mg/ml. ImI of
each obtained hence the total yield was 550mg. This
was obtained from 2 litres of culture -> yield per
litre =~275mg. The activity of TlcEAK2+4-His reaches a
higher fold induction than rhGH at the higher protein
concentrations. A similar result is obtained when the
tandem is tested on a molar basis. EXAMPLE 4 The
concentration of clC3 was measured using the
Bradford's Assay. rhGH (@lmg/ml) was measured in
parallel to verify the veracity of the data obtained
from the Bradford's Assay. clC3 was then used to
directly replace the GH standards in the GH bioassay
to give a tandem standard curve. Pure and impure
tandem samples and rhGH were measured against the GH
standard curve and the tandem standard curve, the
protein concentration was then measured from each
ELISA plate. The GH ELISA gives approximately
two-thirds of the actual value of the tandems as
measured by these ELISAs. This is illustrated in
Figure 19. EXAMPLE 5 Prolactin/GH Tandems Tandems of
prolactin and/or GH, with and without their respective
antagonistic mutation, can be synthesized using PCR to
introduce the appropriate restriction sites to either
end of the gene to enable ligation into the tandem
gene. Flexible Tandems The tandem gene is constructed
by linking two protein domains with a flexible linker
based on the sequence (G S)n; there are unique
restriction sites at each end of the protein domains
and the linker (Figure 20).Hence the two protein
domains in the tandem can be varied by ligating in
different domains. For example, the prolactin (PRL),
prolactin 1-14 amino acid deleted G129R mutant
(D1-14PRL .G129R), growth hormone (GH) and the growth
hormone G120R antagonist mutant (GH.G120R) can be
combined in the tandem gene in a variety of ways
(Figure B). Figures 22 and 23 show the nucleotide
sequences and protein sequences for these domains.
Standard PCR can be used to generate the genes for the
desired protein domain to be flanked by the
appropriate restriction endonuclease sites. Digestion
of the PCR product and the recipient vector with these
restriction endonucleases followed by ligation and
transformation will generate a tandem with the desired
protein domains. This process can be carried out on
either protein domain or on the linker (Figure 24),
which would be replaced using an oligonucleotide dimer
as already described. Semi-Rigid Tandems The tandem
gene is constructed by linking two protein domains
with a helical linker based on the sequence A(EA K)nA;
there are unique restriction sites at each end of the
protein domains and the linker (Figure 20). Hence the
two protein domains in the tandem can be varied by
ligating in different domains. For example, the
prolactin (PRL), prolactin 1-14 amino acid deleted
G129R mutant (D1-14PRL .G129R), growth hormone (GH)
and the growth hormone G120R antagonist mutant
(GH.G120R) can be combined in the tandem gene in a
variety of ways (Figure 21). Figures 22 and 23 show
the nucleotide sequences and protein sequences for
these domains. Standard PCR can be used to generate
the genes for the desired protein domain to be flanked
by the appropriate restriction endonuclease sites.
Digestion of the PCR product and the recipient vector
with these restriction endonucleases followed by
ligation and transformation will generate a tandem
with the desired protein domains. This process can be
carried out on either protein domain or on the linker
(Figure 24), which would be replaced using an
oligonucleotide dimer as already described.Rigid
Tandems The two domains of the tandem need to be
linked directly through the C-terminus a- helix of
domain A and the N terminal -helix of terminal B.
Hence the genes for the proteins (Figures 22 and 23)
at domain A and B need to be truncated so that the
helical linker [A[EA3K)nA] is joined directly to these
helices. Hence:- The tandem gene is constructed by
linking two protein domains with a helical linker
based on the sequence A(EA3K)nA; there are unique
restriction sites at each end of the protein domains
and the linker (Figure 20). A unique Notl site has
been engineered into the N-terminal end of the linker
region and a unique Nrul site has been engineered into
the C-terminal end of GH (Figures 5 and 6); this
enables the modification of the linker region in GH
tandems. The N-terminal linker sequence including the
Notl site can be directly appended to a PRL gene in
the domain A position allowing constructs based on the
template PRLlinker- GH to be constructed (Figure 25).
However, a unique restriction site has to be
introduced at the boundary between the linker and
domain B in the cases where domain B is PRL (Figure
25). Hence the two protein domains in the tandem can
be varied by ligating in different truncated domains.
For example, the prolactin (PRL), prolactin 1-14 amino
acid deleted G129R mutant (D1-14PRL .G129R), growth
hormone (GH) and the growth hormone Gl2OR antagonist
mutant (GH.G120R) can be combined in the tandem genein
a variety of ways (Figure 21). Depending on their
position in domain A or domain 



B the protein domains will have to be truncated as
described above. Standard PCR can be used to generate
the genes for the desired protein domain to be flanked
by the appropriate restriction endonuclease sites.
Digestion of the PCR product and the recipient vector
with these restriction endonucleases followed by
ligation and transformation will generate a tandem
with the desired protein domains. This process can be
carried out on either protein domain or on the linker
and is similar to the methodology used for the
flexible and semi-rigid linkers (Figure 24).Claims 1.
A polypeptide comprising at least two cytokine binding
domains capable of binding to a cytokine receptor,
wherein the domains are linked by a peptide linker
molecule that comprises an inflexible helical region.
2. A polypeptide according to Claim 1 wherein said
domains comprises 3, 4, 5, 6, 7, 8, 9, or 10 binding
domains in a tandem array. 3. A polypeptide according
to Claim 1 wherein the polypeptide comprises more than
10 domains in a tandem array. 4. A polypeptide
according to any of Claims 1-3 wherein the inflexible
helical region comprises at least one copy of the
motif A(EAAAK)xA, or a functional variant thereof. 5.
A polypeptide according to any of Claims 1-4 wherein
the linker molecule comprises at least one flexible
non-helical region. 6. A polypeptide according to
Claim 5 wherein a flexible non-helical region is
located at or near the amino-terminal end of the
peptide linker molecule. 7. A polypeptide according to
Claim 5 wherein the flexible non-helical region is
located at or near the carboxyl-terminal end of the
peptide linker molecule. 8. A polypeptide according to
Claim 5 wherein the flexible non-helical region is
located at or near the amino and the carboxyl-terminal
end of the peptide linker molecule. 9. A polypeptide
according to any of Claims 5-8 wherein the flexible
non-helical region is located adjacent to at least one
of the binding domains.10. A polypeptide according to
any of Claims 4-9 wherein the polypeptide comprises
less than 10 copies of the EAAAK motif. 11. A
polypeptide according to any of Claims 4-9 wherein the
polypeptide comprises less than 5 copies of the EAAAK
motif. 12. A polypeptide according to any of Claims
2-11 wherein said binding domains are linked by a
linking molecule consisting of an inflexible helical
linker. 13. A polypeptide according to Claim 12
wherein said helical linker links the carboxyl
terminus of one binding domain- with the amino
terminus of a second binding domain. 14. A polypeptide
according to Claim 13 wherein the helical linker is
continuous between the C-terminal helix of the first
binding domain and the N-terminal helix of the second
binding domain, thus rigidly linking the two binding
domains in a substantially fixed orientation 15. A
polypeptide according to any of Claims 1-14 wherein
the binding domains of the polypeptide are the same or
similar to each other. 16. A polypeptide according to
Claim 15 wherein the polypeptide comprises binding
domains of cytokines selected from the group
consisting of; growth hormone; leptin; erythropoietin;
prolactin; interleukins (IL) IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-9, IL-10, IL-I l , the p35 subunit of
IL-12, IL-13, IL-15; granulocyte colony stimulating
factor (G-CSF); granulocyte macrophage colony
stimulating factor (GMCSF); ciliary neurotrophic
factor (CNTF); cardiotrophin (CT-I); leukocyte
inhibitory factor (LIF); oncostatin M (OSM);
interferon, IFNa and IFNg; tumour necrosis factor
(TNF)a and TNFb, and RANK ligand. 17. A polypeptide
according to Claim 16 wherein at least one of the
domains comprises a growth hormone binding domain, or
a growth hormone variant.18. A polypeptide according
to Claim 16 or 17 wherein the polypeptide comprises at
least two binding domains of growth hormone, or a
growth hormone variant polypeptide. 19. A polypeptide
according to Claim 16 wherein said polypeptide
comprises at least two binding domains of prolactin,
or a prolactin variant. 20. A polypeptide according to
Claim 19 wherein said prolactin variant polypeptide
comprises an amino acid sequence wherein said amino
acid sequence is modified at position 129 of
prolactin. 21. A polypeptide according to Claim 20
wherein said modification is an amino acid
substitution. 22. A polypeptide according to Claim 2 1
wherein said substitution replaces a glycine amino
acid residue with an arginine amino acid residue. 23.
A polypeptide according to any of Claims 19-22 wherein
said polypeptide is further comprises the deletion of
between 9 and 14 amino terminal amino acid residues of
prolactin. 24. A polypeptide according to any of
Claims 1-14 wherein the binding domains of the
polypeptide are dissimilar to each other. 25. A
polypeptide according to Claim 24 wherein said
polypeptide comprises a first binding domain that is a
growth hormone binding domain and a second binding
domain that is a prolactin binding domain. 26. A
polypeptide according to Claim 24 wherein said
polypeptide consists of a growth hormone binding
domain and a prolactin binding domain.27. A
polypeptide according to Claim 24 wherein said
polypeptide comprises a first binding domain that is a
modified growth hormone binding domain and a second
binding domain that is a modified prolactin binding
domain. 28. A polypeptide according to Claim 24
wherein said polypeptide consists of a modified growth
hormone binding domain and a modified prolactin
binding domain. 29. A polypeptide according to Claim
27 or 28 wherein said modified growth hormone binding
domain comprises an amino acid substitution at amino
acid position glycine 120. 30. A polypeptide according
to Claim 29 wherein said modification is a
substitution of glycine 120 for an amino acid selected
from the group consisting of arginine, lysine,
tryptophan, tyrosine, phenylalanine, or glutamic acid.
31. A polypeptide according to Claim 30 wherein said
modification is the substitution of glycine 120 with
an arginine amino acid residue. 32. A polypeptide
according to any of Claims 27-31 wherein said modified
prolactin binding domain comprises a modification of
glycine 129. 33. A polypeptide according to Claim 32
wherein said modification is the substitution of
glycine 129 with an arginine amino acid residue. 34. A
polypeptide according to any of Claims 28-32 wherein
said polypeptide further comprises the deletion of
between 9 and 14 amino terminal amino acid residues of
prolactin. 35. A polypeptide according to any of
Claims 1-34 wherein said polypeptide further comprises
a ligand binding domain of a cytokine receptor. 36. A
polypeptide according to Claim 35 wherein said
receptor is a growth hormone receptor.37. A
polypeptide according to Claim 35 wherein said
receptor is a prolactin receptor. 38. A nucleic acid
molecule that encodes a polypeptide according to any
of Claims 1-37. 39. A nucleic acid according to Claim
38 wherein said nucleic acid is a vector adapted for
the expression of said polypeptide. 40. An isolated
cell transformed or transfected with the nucleic acid
or vector according to Claim 38 or 39. 41. An isolated
cell according to Claim 40 wherein said cell is a
eukaryotic cell. 42. An isolated cell according to
Claim 40 wherein said cell is a prokaryotic cell. 43.
A method to prepare a polypeptide according to the
invention said method comprising the steps of; i)
growing a cell according to any of Claims 40-42 in
conditions conducive to the production of a
polypeptide according to any of Claims 1-37; and ii)
isolating the polypeptide from the cell, or its growth
environment. 44. A polypeptide comprising a first
cytokine binding domain linked to a second cytokine
binding domain wherein said polypeptide further
comprises an extracellular domain of a cytokine
receptor. 45. A polypeptide according to Claim 44
wherein said first and second binding domains are
linked by a flexible linker molecule. 46. A
polypeptide according to Claim 44 wherein said first
and second binding domains are linked by a peptide
linker molecule that comprises an inflexible helical
region.47. A polypeptide according to Claim 44 wherein
said first and second binding domains are linked by a
peptide linker molecule comprising an inflexible
helical region and a flexible, non-helical region. 48.
A polypeptide according to any of Claims 44-47 wherein
said cytokine binding domain is growth hormone, or a
growth hormone variant thereof, and said extracellular
domain is a growth hormone extracellular domain. 49. A
nucleic acid molecule that encodes a polypeptide
according to any of Claims 44-48. 50. A nucleic acid
molecule according to Claim 49 wherein said nucleic
acid is a vector adapted for the expression of said
polypeptide. 51. A vector comprising a nucleic acid
molecule according to Claim 49. 52. The use a
polypeptide or nucleic acid molecule according to any
of Claims 1- 39 or 44-51 as a pharmaceutical. 53. A
pharmaceutical composition comprising the polypeptide
or nucleic acid molecule according to any of Claims
1-39 or 44-51. 54. An isolated cell transformed or
transfected with a nucleic acid molecule or vector
according to Claim 49 or 51. 55. An isolated cell
according to Claim 54 wherein said cell is a
eukaryotic cell. 56. An isolated cell according to
Claim 54 wherein said cell is a prokaryotic. 


